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RESUMO

O conhecimento sobre sistematica é essencial para os estudos das demais areas da Biologia.
Nesse sentido, os maiores grupos de peixes de agua doce, os Siluriformes, Characiformes,
Cyprinodontiformes e Gymnotiformes tem sido foco de grandes projetos de pesquisa do
Brasil e no mundo. A familia Anostomidae (Characiformes) é composta por 15 géneros e 147
espécies conhecidas popularmente como piaus e aracus. O género Anostomoides
(Anostomidae) possui trés espécies nominais: A. atrianalis, A. laticeps e A. passionis, sendo a
primeira descrita para o rio Orinoco (Venezuela), a segunda para o rio Essequibo (Guiana), e
a Ultima para o médio rio Xingu. No entanto, Steindachner (1876) descreveu Leporinus
nattereri, uma espécie pouco documentada até o momento, com corpo alto e boca
supraterminal, semelhante a A. passionais. As informac@es disponiveis sobre Anostomoides e
suas espécies sao insuficientes para diagnosticar as espécies e, portanto, para verificar a
validade e distribuicdo geografica das mesmas. Desse modo, 0 presente estudo teve como
objetivo: realizar uma revisdo taxonémica de Anostomoides, reavaliando todas as espécies
nominais e suas distribuicdes geogréaficas; e testar a monofilia do género por meio de uma
filogenia com base em caracteres morfologicos e moleculares. Para isso, dados meristicos,
morfométricos e moleculares de exemplares depositados em cole¢des cientificas foram
obtidos e analisados. A revisdo taxondmica ndo encontrou um caracter morfologico exclusivo
para definir o género Anostomoides. No entanto, demonstrou que A. laticeps é sindnimo
janior de A. atrianalis, enquanto que A. passionis € sindbnimo junior de Leporinus nattereri,
sendo o Ultimo nome entdo transferido para Anostomoides formando a nova combinag&o:
Anostomoides nattereri. Posteriormente, uma analise filogenética foi realizada. Para isso, uma
matriz de caracteres morfoldgicos foi obtida na literatura, e os caracteres foram codificados
para exemplares das duas espécies de Anostomoides. A matriz final foi utilizada numa analise
de parcimonia. Paralelamente, dados moleculares de cinco genes foram obtidos no GenBank.
Adicionalmente, exemplares das duas espécies de Anostomoides foram obtidos e os tecidos
sequenciados, e as sequéncias incluidas na matriz de caracteres moleculares. Esses dados
foram entdo usados para uma analise de Maxima Verossimilhanca. Ambas as analises
demonstraram que Anostomoides, conforme anteriormente definido, & um género polifilético.
Desta forma, um novo género, possivelmente grupo irmédo de todos os anostomideos (ou de
todos, exceto Leporellus) é descrito detalhadamente e comparado aos demais géneros de
Anostomidae. Os principais caracteres que suportam as hipoteses de relacionamento do
género novo sdo discutidos.

Palavras chave: Sistematica. Piau. Aracu. América do Sul. Regido Neotropical.



ASSEGA, F. M. Taxonomic assessment of Anotomoides Pellegrin, 1909 (Characiformes:
Anostomoidae) using molecular and morphological data and description of a new genus
of Anostomidae. 2018. 93 p. Thesis (Doctoral in Biological Sciences) - Universidade
Estadual de Londrina, Londrina, 2018.

ABSTRACT

Systematic knowledge is essential for studies in other areas of Biology. In this sense, the
largest groups of freshwater fish, Siluriformes, Characiformes, Cyprinodontiformes and
Gymnotiformes have been the focus of major research projects in Brazil and worldwide. The
family Anostomidae (Characiformes) is composed of 15 genera and 147 species popularly
known as piaus and Aracus. The genus Anostomoides (Anostomidae) has three nominal
species: A. atrianalis, A. laticeps and

A. passionis, the first is known for the Orinoco river (Venezuela), the second for the
Essequibo river (Guyana), and the latter for the middle Xingu river. However, Steindachner
(1876) described Leporinus nattereri, a species poorly known so far, with a tall body and
supraterminal mouth, similar to A. passionais. The available information on Anostomoides
and its species are insufficient to diagnose the species and, therefore, to verify their validity
and geographical distribution. The present study had as goal: to perform a taxonomic revision
of Anostomoides, re- evaluating all nominal species and their geographic distributions; and to
test the monophyly of the genus based on morphological and molecular characters. For this,
meristic, morphometric and molecular data of specimens deposited in scientific collections
were obtained and analyzed. The taxonomic revision did not find an exclusive morphological
character to define the genus Anostomoides. However, A. laticeps is a junior synonym of A.
atrianalis, while A. passionis is a junior synonym of Leporinus nattereri, the latter being then
transferred to Anostomoides forming the new combination: Anostomoides nattereri.
Posteriorly, a phylogenetic review of was performed. For this, a morphological character
matrix was obtained from the literature, and the characters coded for specimens of the two
species of Anostomoides. The matrix was used in a parsimony analysis. Concomitantly,
molecular data of five genes were obtanined from GenBank. Aditionally, tissue samples of
specimens of the two species of Anostomoides were obtained, sequenced, and their sequences
included in the molecular matrix. These data were analysed using Maximum Likelyhood.
Both analyses demonstrated that Anostomoides, as previously defined, is a poliphyletic genus.
Therefore, a new genus, possibly closely sister to all anostomids (or to all, except Leporellis),
is described in details and compared to all other genera of Anostomidae. The main characters
that support the phylogenetic relationships of the new genus are discussed.

Key words: Systematics. Piau. Aracu. South America. Neotropical region.
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Introducéao geral

A ordem Characiformes constitui um dos mais diversificados grupos de peixes
de 4gua doce ¢ composta aproximadamente por 3657 espécies validas distribuidas em
24 familias (Fricke et al., 2019). Na Ordem Characiformes estdo incluidas espécies de
grande importancia ecologica e econdomica no Brasil que sdo utilizadas na pesca
comercial, esportiva e na aquicultura, como por exemplo o0s curimbatas
(Prochilodontidae), piaparas e piaus (Anostomidae), trairas (Erythrinidae), lambaris
(Characidae), piranhas e pacus (Serrasalmidae) e dourados (Bryconidae), embora, haja
um grande niimero de espécies de peixes de pequeno porte, principalmente da familia
Characidae que estdo entre os peixes de aqudrio mais populares do mundo devido a sua
diversidade de colorido, sendo um atrativo aos aquaristas, com milhdes de individuos das
mais variada espécies (e.g. Hyphessobrycon, Paracheirodon e Gymnocorymbus) sendo
exportados anualmente das bacias do rio Amazonas e Orinoco como peixes
ornamentais, o que tem gerado importantes divisas para o pais, embora seus impactos
ambientais ainda ndo foram estimados nas areas no qual as espécies foram introduzidas
(Chao et al., 2001; Van Der Sleen & Alberts, 2018).

Na Ordem Characiformes, a familia Anostomidae ¢ a segunda mais diversa,
composta por 148 espécies validas, distribuidas em 15 géneros (Fricke et al., 2019). As
espécies de Anostomidae sdo popularmente conhecidas no Brasil como piaus, piavas ou
aracus. As espécies da familia sdo endémicas da regido Neotropical, sendo amplamente
distribuidas desde o norte da Colombia até regides sub-temperadas da Argentina
(Garavello & Britski, 2003). Sao peixes que podem ser distinguidos dos demais
Characiformes por apresentarem uma Unica série de trés ou quatro dentes grandes e
incisiformes em cada pré-maxilar e dentario, e pela auséncia de dentes no osso maxilar

e no palato (Géry, 1977). A familia Anostomidae ¢ um grupo monofilético suportado



por diversas caracteristicas morfoldgicas, a maioria delas relacionada ao aparelho
branquial e suspensorio (Vari, 1983; Sidlauskas & Vari, 2008), e também por dados
moleculares (Dillman et al., 2016; Mirande, 2018).

Winterbottom (1980), numa ampla revisao taxondmica e filogenética, estudou a
subfamilia Anostominae, grupo que engloba os géneros Anostomus Scopoli 1777,
Gnatholodus Myers 1927, Sartor Myers & Carvalho 1959, Synaptolaemus Myers &
Fernandez-Yépez 1950, Pseudanos Winterbottom 1980 e, mais recentemente, Petulanos
Sidlauskas & Vari 2008.

O segundo trabalho sobre relagdes filogenéticas de espécies de Anostomidae foi
bem mais recente (Sidlauskas & Vari, 2008), e contém uma hipdtese mais abrangente de
relacdes entre todos os géneros da familia, resultado de uma anélise de parcimdnia com
123 caracteres morfoldgicos codificados para 46 espécies de Anostomidae (Fig. 1). Um
dos fatores limitantes na andlise de Sidlauskas & Vari (2008) ¢ a pouca
representatividade de espécies, em especial as de Leporinus, além de varias espécies
examinadas serem exemplares juvenis ou adultos jovens, no qual duvidas em relacdo a
delimitagdo de alguns géneros podem ser geradas, em especial Hypomasticus e

Leporinus (Birindelli & Britski, 2009).



CHILODONTIDAE

Leporellus

Hypomasticus mormyrops
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Leporinus aripuanensis
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Leporinus ortomaculatus
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—E Leporinus fasciatus

Leporinus cf. fasciatus

Leporinus pellegrinii

Anostomoides
— Rhytiodus
L_ Schizodon
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Synaptolaemus
Gnathodolus

Sartor

Fig. 1. Cladograma resumido de consenso estrito das relacdes entre taxons de

Anostomidae, segundo a hipotese proposta por Sidlauskas & Vari (2008).

Mais recentemente, estudos que utilizam dados moleculares t€ém sido realizados
(Ramirez, 2015; Ramirez et al., 2015, 2016a, 2016b, 2017). Nestes estudos, o
polifiletismo de Leporinus foi confirmado (Ramirez et al., 2016a) ¢ as relagdes entre as
espécies de Laemolyta foram estudadas (Ramirez, 2015). Além disso, um novo género,

Megaleporinus Ramirez, Birindelli & Galetti Jr., 2016, foi descrito com base em



caracteres morfoldgicos, citogenéticos e moleculares, ¢ uma nova hipotese filogenética
e biogeografica proposta para suas 10 espécies (Ramirez et al., 2016a). Por outro lado,
as novas hipoteses moleculares (e.g., Ramirez et al., 2016b) tém trazido incrongruéncias
com as hipoteses baseadas em dados morfoldgicos (e.g., Winterbottom, 1980;
Sidlauskas & Vari, 2008), principalmente pela posi¢do filogenética de Anostominae,
proxima da base da familia, juntamente com Leporellus (Ramirez et al., 2016b).

Revisdes taxonomicas foram realizadas em nivel de género por Vari & Williams
(1987) para Abramites e por Mautari & Menezes (2006) para Laemolyta Cope, 1872.
Algumas revisdes parciais foram realizadas para os géneros Leporinus Agassiz, 1829
(Géry et al., 1988; Garavello, 1990, 2000; Britski, 1997; Britski et al., 2012; Birindelli
& Britski, 2013) e Schizodon Agassiz, 1829 (Bergmann, 1988; Garavello & Britski,
1990). Apesar destes esforcos, ha ainda alguns géneros e grupos de espécies cujo
conhecimento taxondmico ainda € precario.

Desse modo o presente estudo se insere nesse contexto e tem como objetivo a
realizacdo de uma revisdo sistematica de Anostomoides, que resolva os problemas
taxondmicos que tem dificultado a identificacdo de suas espécies, e investiguem as
relacdes filogenéticas entre as espécies do género. Para isso, esta tese foi dividida em
dois capitulos, o primeiro focado nas questdes taxondmicas, € o segundo voltado a testar

o monofiletismo do género e as relagdes filogenéticas de suas espécies.
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Abstract

The genus Anostomoides currently includes three valid species: A. atrianalis (described
for the Orinoco basin), A. laticeps (reported from the Amazon and Essequibo basins),
and A. passionis (reported from the Rio Xingu and Rio Tapajos basins). The first two
species were described a long time ago, whereas A. atrianalis remained poorly known
until now, and the latter was recently described based on a relatively small sample of
specimens from a restricted area. In addition, an ongoing taxonomic revision of the
species of Leporinus discovered that L. nattereri possibly belonged to Anostomoides.
The present study aimed a taxonomic revision of Anostomoides based on morphometric
and meristic data, and a comprehensive revision of the literature and specimens
deposited in fish collections. Examining 274 specimens, the present taxonomic
revisionew demonstrates that A. laticeps is a junior synonym of A. atrianalis, while A.
passionis is a junior synonym of Leporinus nattereri, and the latter name is thus
transferred to Anostomoides forming the new combination: Anostomoides nattereri.
Principal components analysis (PCA) showed that examined specimens form two
distinct morphotypes, corroborating the validity of both A. atrianalis and A. nattereri.
Anostomoides nattereri is distinguished from A. atrianalis by having four
branchiostegal rays (vs. three), three pores in infraorbital one (vs. four), 37-39 pored
lateral-line scales (vs. 41-44), symphyseal tooth of premaxillary blunt cutting edge (Vvs.
bicuspid), lower lip with dermal papillae (vs. absent), three dark rounded midlateral
blotches (vs. three or four vertically elongated blotches and/or a faded dark longitudinal
stripe), dark lines between scale series on posterior half of body on specimens smaller
than 150 mm SL (vs. dark lines absent), a greater body depth (27.6-36.2 % vs. 24.5—
38.7% of SL) and smaller interorbital distance (34.4-53.8 % vs. 42.6-67.3 % of HL).
Anostomoides nattereri is distributed across several tributaries of the Amazon river,
including the Negro, Tapajos, Xingu and Tocantins rivers, whereas A. atrianalis is
widespread throughout the Amazon, Orinoco and Essequibo basins. The genus
Anostomoides is currently diagnosed based on a combination non-exclusive characters:
upturned or slightly upturned mouth with four premaxillary teeth including symphyseal
tooth bicuspid or with blunt cutting edge, remaining teeth slightly tricuspid (with medial
cuspid distinctly larger); four dentary teeth, symphyseal tooth with truncate cutting edge
(without cusps); second tooth with a single large cusp, and two lateral teeth with small
cusps (three or slightly more cusps).

Keywords: Systematics, South America, Anostomoides atrianalis, Anostomoides
nattereri
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Resumo

O género Anostomoides atualmente possui trés espécies validas: A. atrianalis (descrita
para a bacia do Orinoco), A. laticeps (bacia dos rios Amazdnia e Essequibo) e A.
passionis (bacia dos rios Xingu e Tapajos). As duas primeiras espécies foram descritas
ha muitos anos, A. atrianalis permaneceu pouca conhecida at¢é o momento, e A.
passionis foi descrita recentemente com base em uma amostra relativamente pequena de
espécimes de uma area restrita. Além disso, uma revisdo taxonomica das espécies de
Leporinus que estda em andamento, revelou que L. nattereri possivelmente pertencia ao
género Anostomoides. O objetivo do presente estudo foi realizar uma revisdo
taxondmica do género baseada em dados morfométricos e meristicos e uma abrangente
revisdo da literatura e dos espécimes presentes nas colegdes de peixes. Examinando 274
espécimes, a revisdo taxonomica demonstrou que A. laticeps ¢ sinénimo junior de A.
atrianalis, enquanto que A. passionis ¢ sinénimo junior de Leporinus nattereri, sendo o
ultimo nome entdo transferido para Anostomoides formando a nova combinagdo:
Anostomoides nattereri. A analise de componentes principais (PCA) mostrou que os
espécimes examinados formam dois morfotipos distintos, corroborando a validade tanto
de A. atrianalis quanto de A. nattereri. Anostomoides nattereri distingue-se de A.
atrianalis por ter quatro raios branquiostégios (VS. trés), trés poros no infraorbital 1 (Vvs.
quatro), 37-39 escamas na linha lateral (vs. 41-44), dente sinfisiano do premaxilar
truncado (VvS. bicuspidado), l&dbio inferior com papilas dérmicas (vs. ausentes), trés
manchas arredondadas escuras na lateral do corpo (contra trés ou quatro manchas
alongadas verticalmente e/ou uma faixa longitudinal escura desbotada), linhas escuras
entre as séries de escamas na metade posterior do corpo em espécimes menores que 150
mm CP (vs. linhas escuras ausentes), maior altura do corpo (27,6-36,2% Vvs. 24,5—
38,7% do CP e menor distancia interorbital (34,4-53,8% vs. 42,6—-67,3% do CC).
Anostomoides nattereri estd distribuido em varios afluentes do Rio Amazonas,
incluindo os rios Negro, Tapajos, Xingu e Tocantins, enquanto o A. atrianalis ¢
difundido em todas as bacias do Amazonas, Orinoco e Essequibo. O género
Anostomoides ¢ atualmente diagnosticado com base em uma combinagdo de caracteres
nao exclusivos: boca superior ou ligeiramente superior com quatro dentes no pré-
maxilar, incluindo o dente sinfisiano bicuspidado ou truncado (sem cuspides), e os
dentes remanescentes levemente tricispides (com cuspide medial distintamente maior);
quatro dentes presente no dentario, o dente sinfisiano truncado; o segundo dente com
uma unica cuspide grande e os outros dois dentes laterais com pequenas cuspides (trés
ou mais cuspides).

Palavras-chave: Sistematica, América do Sul, Anostomoides atrianalis, Anostomoides
nattereri
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Introduction

The family Anostomidae is currently composed of 145 valid species, distributed
in 15 genera (Ramirez et al., 2017). The family is endemic to the Neotropical region,
and widely distributed from north of the Colombia to La Plata river, in Argentina
(Garavello & Britski, 2003). The Anostomidae can be easily diagnosed by their
dentition, which almost always consists of three or four large teeth arranged in a single
row on each side of the upper and lower jaws (Sidlauskas & Birindelli, 2017).

Approximately more than half of the species of Anostomidae are currently
placed in the artificial genus Leporinus. On the other hand, most genera are monotypic
(e.g., Gnathodolus) or composed by a handful of species (e.g., Petulanos). This is also
the case of Anostomoides, currently considered as presenting only three valid species: A.
atrianalis, recorded only from the Orinoco river in Venezuela; A. laticeps, considered to
have a wide distribution in the Amazon, and Essequibo basins, and A. passionis, a
species possibly endemic to the Volta Grande rapids of the Xingu river in Brazil
(Garavello & Britski, 2003; Santos & Zuanon, 2006).

The taxonomic history of the genus Anostomoides started between the years of
1885 and 1886, when the French naturalist Jean Chaffanjon lead an expedition to the
Orinoco river basin in Venezuela (Rodriguez, 1993), during which three specimens of
Anostomidae with a slightly upturned mouth were collected. The specimens were
described by Pellegrin (1909) as a new genus and species: Anostomoides atrianalis
Pellegrin. According to Pelegrin (1909), Anostomoides is likely a species intermediary
between the genera Leporinus and Anostomus.

A few years later, Eigenmann (1912) described Schizodontopsis laticeps (=
Anostomoides laticeps) based on four specimens collected in the Essequibo river in
Guyana. These two species of Anostomoides remained known only from their types for
many decades.

Borodin (1931) in a review of the genus Anostomus include Anostomoides
laticeps to the subgenus Schizodontopsis Garman, 1890, presenting as its type species
Anostomus proximus Borodin, 1890 (= Laemolyta proxima), and considered
Anostomoides as a subgenus of Schizodontopsis. Myers (1950) reviewed the genera of
Anostomidae and recognized Schizodontopsis as a junior synonym of Laemolyta Cope,
1872, and transferred Schizodontopsis (Anostomoides) laticeps to Laemolyta laticeps.
Myers (1950) considered the monotypic genus Anostomoides a taxon with insufficient

information to determine its validity. Later, Géry (1974), in a footnote, transferred L.
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laticeps back to Anostomoides revalidating the genus. In 1977, Géry, included
Anostomoides in a species identification key for Anostomidae where the genus was
diagnosed by the presence of more or less supraterminal mouth, 3 or 4 rounded teeth on
each jaw, pre-maxillary teeth sometimes tricuspid and relatively high body. More
recently, Santos & Zuanon (2006) described Anostomoides passionis, a species
apparently endemic from the Volta Grande rapids of the middle Xingu river in Brazil.

The phylogenetic relationships of Anostomoides are also insufficiently studied.
Sidlauskas & Vari (2008) recovered Anostomoides laticeps as sister group to
Anostominae (Anostomus, Gnathodolus, Petulanos, Pseudanos, Sartor and
Synaptolaemus) plus Laemolyta, Rhytiodus, and Schizodon, in a comprehensive analysis
based on morphological features. However, molecular-based analyses have showed that
the Anostominae is more likely sister to Leporellus, whereas Anostomoides laticeps,
Laemolyta, Rhytiodus, Schizodon are closely related (Melo, 2015; Ramirez, 2015).

Species of Anostomoides are mentioned only sporadically in field guides and
local checklists (e.g. Feitosa & Santos, 2013; Ohara et al., 2017). The genus, as well as
its species, remains poorly diagnosed. In addition, the scarcity of published information
about the anatomy as well as molecular data of Anostomoides species increases the
difficulty in establishing a relationship among the genus and others anostomids.
Therefore, a taxonomic revision is imperative to determine the validity and geographical
distribution of each of the nominal species of Anostomoides, a prerequisite to
understand the evolutionary history of its species.

During an ongoing taxonomic revision of all nominal species of Leporinus, the
type specimens of Leporinus nattereri were examined and the species was considered
possibly closely related to Anostomoides passionis (JLB, pers. obs.). Later examination
of more recently collected specimens confirmed this first impression. Therefore, L.
nattereri was included in the present study and is evaluated herein. Leporinus nattereri
was described by Steindachner (1876) based on specimens collected in the Amazon.
Simlarly to the nominal species of Anostomoides, Leporinus nattereri remained poorly
known until now.

The present study aimed a comprehensive taxonomic revision of Anostomoides,

determining its valid species, and their geographic distributions.
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Material and methods

A total 274 of specimens belonging to Anostomoides were examined. Type
specimens were directly examined (A. laticeps, A. passionis and L. nattereri) or through
photographs (A. atrianalis). Institutional and collections abbreviations follow Sabaj
(2016).

Measurements were taken following Sidlauskas et al. (2011). Morphometric data
were obtained with a digital caliper with accuracy of 0.01 mm. Counts of scales and
rays were taken according to Birindelli & Britski (2013). Meristic data were included in
the description of each species, with frequency of each count provided in parentheses,
and an asterisk (*) indicating the values of the primary types.

Differences in body shape among samples, and discriminat characters between
specimens were determined by principal components analysis (PCA) using the PAST
software (Hammer et al., 2003). Data were normalized to size and log transformed to
produce a scatter plot of specimens along the axes two and three, producing maximal
and second to maximal separation between all groups. Samples were identified
according to the species concepts prior to the results herein obtained to test the validity
of these concepts: Anostomoides atrianalis (Orinoco basin), Anostomoides laticeps
(Amazon and Essequibo basins), Anostomoides passionis (Rio Xingu basin), and
Leporinus nattereri (Amazon basin, except Rio Xingu basin).

Cleared and double stained (cs) specimens were prepared following Taylor &
Van Dyke (1985), and dry skeletons (sk) according to Bemis et al. (2004). Specimens
were dissected using the technique described in Weitzman (1974). Osteological
nomenclature follows Weitzman (1962), Winterbottom (1980), and Sidlauskas & Vari
(2008).

Results
The analysis of morphological and meristic data undertaken in the present study,
allowed the recognition of only two valid species of Anostomoides: A. atrianalis
(Amazon, Essequibo and Orinoco basins) and A. nattereri (Amazon basin, including the
Negro, Tapajoés, Xingu, and Tocantins rivers). Herein we consider Anostomoides
laticeps a junior synonym of A. atrianalis, and A. passionis a junior synoym of
Leporinus nattereri, which was consequently transferred to Anostomoides in a new

combination.
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Morphological analysis

In principal components analysis (PCA), the second and third axis showed better
separation of the combined samples of Anostomoides atrianalis and A. nattereri. The
second and third axis, represented the shape, showed variation retained 2.788% and

1.162% respectively (Table 1).

TABLE 1. Weight of the variables combined in the Principal Components Analysis
(axes 2 and 3) of Anostomoides atrianalis, A. nattereri (Amazon rivers, except Xingu)

and A. nattereri (Xingu river).

Morphometrics measures Axis 2 Axis 3
Adipose-fin origin to hypural joint -0.132 0.231
Body depth 0.124 -0.203
Body width 0.002 -0.223
Bony interorbital -0.207 -0.075
Caudal-peduncle depth 0.062 -0.075
Caudal-peduncle length -0.216 0.070
Dorsal-fin origin to adipose-fin origin -0.293 -0.028
Dorsal-fin origin to caudal-fin origin -0.276 0.016
Eye diameter -0.255 0.119
Head length 0.109 0.207
Head depth 0.201 -0.294
Lower jaw to anal-fin origin -0.128 0.052
Lower jaw to adipose-fin origin -0.133 0.022
Lower jaw to dorsal-fin origin -0.019 0.111
Lower jaw to pectoral-fin origin 0.090 0.273
Lower jaw to pelvic-fin origin 0.020 0.099
Preopercle depth 0.279 -0.313
Preopercle length 0.181 0.207
Standard length -0.142 0.028
Snout depth 0.334 -0.407
Snout length 0.556 0.537
Eigenvalue 0.007 0.003
% variance 2.788 1.162
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Figure 1 showed that samples form two groups, corroborating the morphometric
and meristic data, and therefore the validity of Anostomoides atrianalis (= A. atrianalis
plus A. laticeps) and A. nattereri (= Leporinus nattereri plus A. passionis). The sample
of A. atrianalis is distinguished from the sample of A. nattereri in the third axis. The
morphometric measurements that discriminate A. atrianalis from A. nattereri are: body
depth, body length, head depth, preopercle depth and snout depth (most negative values
in the third canonical axis) (Table 1). The superimposed group formed by samples of A.
nattereri was discriminated from the A. atrianalis by: adipose-fin origin to hypural
joint, eye diameter, head length, lower jaw to dorsal-fin origin, lower jaw to pectoral-fin

origin, lower jaw to pelvic-fin origin, preopercle length and snout length.

Axis 3

Axis 2

FIGURE 1. Scatter diagram of scores of specimens on second and third axes of
Principal Components Analysis (PCA) of Anostomoides atrianalis from the Amazon
basin (blue square), Essequibo River, Guyana (fill blue square), and Orinoco basin
(black dot), A. nattereri from the Rio Xingu (yellow triangle), and A. nattereri from the

remaining Amazon basin (filled pink square).

Redescriptions

Genus Anostomoides Pellegrin

Anostomoides Pellegrin 1909: 346. Type species: Anostomoides atrianalis Pellegrin

1909. Type by monotypy. Gender: masculine.

19



Diagnosis. The genus Anostomoides is diagnosed among Anostomidae by having the
following combination of non-exclusive features: mouth upturned or slightly upturned
with four teeth on premaxillary (Figure 2), including symphyseal tooth unicuspid or
bicuspid (never tricuspid), remaining teeth slightly tricuspid (with medial cuspid
distinctly larger); four dentary teeth, symphyseal tooth with truncate cutting edge
(without cusps); second tooth with a single large cusp, and two lateral teeth with small
cusps (three or slightly more cusps) (Figure 3); lower jaw lip fringed or fringed with

dermal papillae. See Discussion for comparisons with other genera.

FIGURE 2. Lateral view of head showing the position of the mouth, upturned (A and
C), slightly upturned (B) and terminal (D). (A) Anostomoides atrianalis, ANSP 182467,
128.3 mm SL, Peru, Loreto, Rio Nanay; (B) A. nattereri, LIA 1229, 175.5 mm SL,
Brazil, Para, Rio Xingu; (C) Laemolyta proxima, MZUEL 17132, 215.5 mm SL, Brazil,
Amazonas, Manaus; (D) Leporinus fasciatus, MZUEL 14698, 136.3 mm SL, Brazil,

Amazonas, Rio Negro. Scale bar = 10 mm.
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FIGURE 3. Scanning electron microscope image of left upper and lower jaws of
Anostomoides: (A) A. atrianalis, INPA 15193, 137.2 mm SL; (B) A. nattereri, MZUSP
5429, 89.0 mm SL.

Distribution. The species of Anostomoides are distributed in the Amazon, Essequibo
and Orinoco basins and their tributaries, in Brazil, Bolivia, Colombia, Guyana, Peru,

and Venezuela.

Anostomoides atrianalis Pelegrin, 1909
(Figures. 1, 2A, 3A, 4 A and B, 5, 6; Tables 1 and 2)

Anostomoides atrianalis Pellegrin, 1909: 346 (type locality: "Orénoque" [Rio Orinoco,
Venezuela]). — Bertin, 1948: 32 (type catalog). — Myers, 1950: 198 (taxonomic
comments on the validity of the genus). — Garavello & Britski, 2003: 72 (listed). —
Lasso et al., 2004: 105 (literature compilation; Colombia: Rio Orinoco basin). — Santos
& Zuanon, 2006: 60, 66-67 (diagnosis in key; Venezuela, Rio Orinoco). — Sidlauskas &
Birindelli, 2017: 85 (Rio Orinoco basin).

Schizodontopsis laticeps Eigenmann, 1912: 299, pl. 41, fig. 4 (type locality: Crab Falls,
Essequibo river, Guyana).

Anostomus (Schizodontopsis) laticeps. — Borodin, 1931: 45 (cited).

Laemolyta laticeps. — Myers, 1950: 197 (new generic combination).
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Anostomoides laticeps. — Géry, 1974: 149 (comments in footnote; new generic
combination). — Santos et al., 1984: 33, fig. 4, unumbered fig on pag. 71 (brief
description, diagnosis in key; photo; lower Rio Tocantins, Brazil). — Santos & Jégu,
1989: 164, fig.; pl.IV, figs. 2-4 and 18 (brief description, diagnosis in key; photo,
dentition; lower Rio Tocantins, Brazil). — Santos & Jégu, 1996: 160, fig. 9, tab.1 (brief
description, diagnosis in key; Rio Uatuma, Brazil). — Ferreira et al., 1998: 63,
unumbered fig. on p. 63 (brief description, diagnosis in key, photo; Santarém, Par4,
Brazil). — Garavello & Britski, 2003: 72 (listed). — Lasso et al., 2004: 105 (literature
compilation; Colombia, Rio Orinoco basin). — Santos et al., 2004: 47, unumbered fig.
on p. 47 (brief description, diagnosis in key, photo; lower Rio Tocantins, Brazil). —
Santos & Zuanon, 2006: 60, 67 (diagnosis in key; several localities in the Amazon
basin, Brazil). — Santos et al., 2006: 29, unumbered fig. on p. 29 (brief description,
diagnosis in key, photo; Manaus, Amazonas, Brazil). — Sidlauskas & Vari, 2008: 78,
figs. 19, 32 and 47. (phylogenetic relationships, illustration of neurocranium, dentition
of dentary and basibranchial). — Sidlauskas & Vari, 2012: 75, 78, fig. 77 (comments;
Essequibo River, Guyana). — Jegu et al., 2012: 119 (listed, Rio Iténez basin, Bolivia and
Brazil). — Feitosa & Santos, 2013: 149, unumbered fig. on p. 148 (brief description,
diagnosis in key; Rio Madeira basin, Brazil). — Sarmiento et al., 2014: 183 (literature
compilation; Bolivia). — Ohara et al., 2017: 34, 86, fig. (brief description, photo,
diagnosis in key; Rio Teles Pires, Brazil). — Sidlauskas & Birindelli, 2017: 85 (cited).

Anostomoides sp. — Santos et al., 2004: 48, fig (brief description, diagnosis in key,

photo; lower Rio Tocantins basin, Brazil).

Diagnosis. Anostomoides atrianalis differs from A. nattereri by having three
branchiostegal rays (vs. four), four pores in the infraorbital 1 (vs. three); symphyseal
teeth of premaxillary bicuspid, and remaining teeth slightly tricuspid, with medial cusp
distinctly larger, or with blunt cutting edge (vs. teeth larger, wider, border slightly
convex, and remaining teeth with truncate border and sometimes with small lateral
saliencies forming incipient cusps); higher lateral-line scale counts (4144 vs. 37-39);
lower jaw lip without dermal papillae (vs. lower jaw lip with dermal papillae) (Figure
4); three or four vertically elongated blotches and/or a faded dark longitudinal stripe (Vvs.
three dark rounded midlateral blotches), absence of dark lines between scale series on
posterior half of body (vs. dark lines between scale series on posterior half of body in

specimens smaller than 150 mm SL).
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FIGURE 4. Anostomoides atrianalis, ANSP 159599, 128.4 mm SL (A and B) and A.
nattereri, LIA 1229; 175.5 mm SL (C and D), in frontal (A and C) and dorsal (B and D)

views from the head showing the lips fringed without dermal papillae (A) or fringed

with numerous dermal papillae (C). Scale bar = 10 mm.

Description. Body moderately slender, slightly compressed lateraly, greatest body
depth at dorsal-fin origin. Dorsal profile slightly sloped and convex from snout tip to
vertical through nostril; slightly concave from vertical through nostril to tip of

supraoccipital spine and gently sloped and convex from this point to beginning of
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dorsal-fin origin; slightly slanted and convex along dorsal-fin base; approximately
straight or slightly convex from end of dorsal fin to adipose-fin origin, and concave
from that point to origin of dorsal procurrent caudal-fin rays (Figure 5). Ventral profile
slanted convex from tip of lower jaw to vertical through pectoral-fin origin; slightly
convex from vertical through pectoral-fin origin to anal-fin origin; approximately
straight along anal-fin base, and concave from anal-fin end to origin of ventral
procurrent caudal-fin rays; caudal peduncle sligthly compressed, almost rectangular and
slightly longer than deep.

Head pointed in profile; snout moderately long. Mouth slightly upturned; lips
thick and fleshy, covered internally with numerous papillae. Four premaxillary teeth,
symphyseal teeth bicuspid, remaining teeth slightly tricuspid, with medial cusp
distinctly larger, or with blunt cutting edge. Four dentary teeth, two medial teeth with
truncate cutting edge without cusps, two lateral teeth with three to five small cusps.
Lower jaw lips thick and fringed. Three branchiostegal rays.

Scales relatively small and cycloid; lateral line complete, with 41(3), 42(158)*,
43(49) or 44(1) perforated scales, extending from supracleithrum to base of middle
caudal-fin rays. Horizontal scale rows between dorsal-fin origin and lateral line 5(8),
6(177), 7(21)* or 8(6). Horizontal scale rows between lateral line and pelvic-fin origin
4(2), 5(193)*, 6(15) or 7(2). Horizontal scale rows between lateral line and anal-fin
origin 4(4), 5(193)* or 6(15). Horizontal scale rows around caudal peduncle 16(212)*.
Predorsal scales from dorsal-fin origin to tip of supraoccipital spine 10(1), 11(1),
12(13), 13(44), 14(70)*, 15(52), 16(15), 17(8), 18(3), 19(3) or 20(2).

Dorsal-fin rays i1, 9(3) or 10(209)*. Dorsal-fin origin slightly anterior to middle
of standard length and slightly anterior to vertical through pelvic-fin origin; distal
margin of dorsal fin straight or gently concave. Adipose fin small, approximately
rectangular shaped, its origin approximately at vertical through half anal-fin base length,
its distal margin slightly convex. Pectoral-fin rays 1, 13(3), 14(54)*, 15(154) or 16 (1);
its tip extending approximately 3/4 distance between origins of pectoral and pelvic fins;
its distal margin slightly convex. Anal-fin rays ii, 7(1), ii, 8(3), iii, 7(1) or iii, 8(207)%*;
fin origin approximately at vertical through fourth scale anterior to adipose-fin origin;
when adpressed anal fin not reaching base of caudal-fin rays; distal margin slightly
concave. Principal caudal-fin rays i, 9+8, i (212)*. Caudal fin forked, lobes rounded,

upper lobe slightly longer than lower lobe.
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FIGURE 5. Anostomoides atrianalis: (A) lectotype, MNHN-IC 1887-0761, 161.7 mm
SL, Venezuela, Rio Orinoco; (B) holotype of A. laticeps, FMNH 53359, 232.5 mm SL,
Guyana, Crab Falls, Essequibo River; (C) AUM 43096, 140.4 mm SL, Venezuela, Rio
Orinoco; (D) ANSP 182467, 126.3 mm SL, Peru, Rio Nanay. Scale bars = 10 mm.
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TABLE 2. Morphometrics of Anostomoides atrianalis. N = Number of specimens, Min

= Minimum, Max = maximum, Mean = average, SD = standard deviation.

Character Lectotype N Min—-Max Mean SD
Standard length (mm) 161.7 208  81.6-266.3 197.2 39.1
Percents of standard length
Adipose-fin origin to hypural joint 16.7 208 11.9-20.6 17.1 1.3
Body depth 31.8 208  24.5-38.7 30,0 23
Body width 13.4 208 9.4-17.4 11.7 1.0
Caudal-peduncle depth 10.5 208 9.3-13.6 109 0.6
Caudal-peduncle length 14.3 208 11.4-17.1 14.2 1.1
Dorsal-fin origin to adipose-fin origin 36.8 208  37.2-52.1 42.1 2.1
Dorsal-fin origin to caudal-fin origin 52.9 208  41.2-70.8 5777 34
Head length 23.9 208  19.7-30.3 23.4 1.7
Lower jaw to adiposa-fin origin 82.1 208 79.0-1049 84.0 25
Lower jaw to anal-fin origin 76.1 208  74.6-98.4 784 22
Lower jaw to dorsal-fin origin 46.2 208  38.9-57.1 439 23
Lower jaw to pectoral-fin origin 23.2 208 18.0-29.4 22.7 1.9
Lower jaw to pelvic-fin origin 46.5 208  42.9-61.5 47.4 2.1
Percents of head length
Bony interorbital 54.6 208  42.6-67.3 539 39
Eye diameter 30.2 208  22.0-39.5 294 24
Head depth 96.9 208  80.1-132.9 1049 109
Preopercle depth 63.3 208 66.8-119.8 87.2 9.2
Preopercle length 19.0 208 64.0-100.6  73.7 4.4
Snout depth 53.1 208  34.4-90.4 563 6.8
Snout length 36.6 208  25.0-44.1 343 33

Coloration in alcohol. Body with background color light brown. Body sides with three

or four vertically elongated blotches: first blotch between opercular opening and vertical

through dorsal-fin origin; second blotch below dorsal-fin base; third blotch above anal-

fin origin; and the fourth blotch on posterior of caudal peduncle. Faded dark

longitudinal stripe present in some specimens. Dorsal fin slightly dark at base,

interradial membranes pale on proximal region, and light dark on distal area. Caudal,
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pectoral and pelvic fins uniformly tan. Anal fin with rays and interradial membranes

dark. Adipose fin light brown, except median portion, which is pale.

Distribution. Anostomoides atrianalis is distributed in the Rio Orinoco basin in
Venezuela, in the Essequibo River basin in Guyana, and in the Amazon basin, including

Madeira, Negro, Tocantins and Xingu rivers, in Bolivia, Brazil, Colombia, and Peru

(Figure 6).

-1.0

712 -63.2 o 5.2 " -47.0
FIGURE 6. Geographic distribution of species of Anostomoides atrianalis: yellow star:
type-locality of A. atrianalis; black star: type-locality of A. laticeps; and yellow
triangle: records of A. atrianalis. Some symbols may correspond to more than one

locality.

Remarks. The three syntypes of Anostomoides atrianalis were examined through
photographs. Two specimens are relatively small and poorly preserved (MNHN 1887-
1897 and MNHN 1887-1799), whereas the third specimen is larger and better preserved
(MNHN 1887-0761) and, for these reasons, it is herein selected as the lectotype.

The types of Anostomoides laticeps, junior synonym of A. atrianalis, were

deposited in Indiana University. However, in 1952, the Field Museum in Chicago
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acquired part of the fish collection of Indiana University. In this exchange, two
paratypes of A. laticeps (CAS-IU 12116) were lost, as reported in Henn (1928) and
Ibarra & Stewart (1987).

Specimens of Anostomoides atrianalis are often misidentified as Laemolyta in
fish collections (Mautari & Menezes, 2006; pers. obs.). Mautari & Menezes (2006)
noted that Anostomoides atrianalis and Laemolyta fernandezi share a similar color
pattern and an upturned mouth, and co-occur in the Amazon basin. However, these
species differ in the number of lateral-line scales (41 to 44 vs. 49 to 58, respectively)
and in the morphology of the premaxillary teeth (symphyseal tooth bicuspid, and
remaining teeth slightly tricuspid with medial cusp distinctly larger or with blunt cutting
edge vs. all teeth multicupids and gradually decreasing in size, respectively), and
dentary teeth (symphyseal tooth with truncate cutting edge without cusps, and two
lateral teeth with three to five small cusps, Vvs. all teeth of the dentary spatulated with the
upper edge straight, respectively).

Material Examined. Type material: MNHN-IC 1887-0761, 1, 161.7 mm SL,
Venezuela, rio Orinoco, J. Chaffanjon, 1887, lectotype of Anostomoides atrianalis, by
present designation. MNHN-IC 1887-0798, 1, 101.0 mm SI; MNHN-IC 1887-0799, 1,
92.2 mm SL, Rio Orinoco, Venezuela; J. Chaffanjon, 1887. FMNH 53359, 1, 232.5 mm
SL, Guyana, Crab Falls, Essequibo river; C.H. Eigenmann, 1908, holotype of

Schizodontopsis laticeps.

Non-types. Brasil: Amazonas: MZUSP 67267, 1, 235.7 mm SL, Rio Arirard, Igapd
(00°31°00” S, 63°33°00” W), M. Goulding, 28 May 1979; MZUSP 31065, 1, 109.0 mm
SL; MZUSP 67269, 40, 202.3-260.9 mm SL; MZUSP 109984, 1, 111.9 mm SL,
Barcelos, Rio Negro, just below the Rio Darad (00°28°00” S, 64°46°00” W), M.
Goulding, 16 February 1980; MZUSP 67266, 2, 206.7-228.3 mm SL, ilha Mari-Mari,
Rio Negro, Igapo Agua Preta, M. Goulding, 31 May 1979; MZUSP 6190, 1, 218.7 mm
SL, Manaus, Igarapé Jaraqui, left margin of the Rio Negro (03° 00 S, 60° 24°W),
Expedicdo Permanente a Amazonia, 22-24 April 1967; MZUSP 6148, 2, 220.9-223.3
mm SL, Manaus, Rio Negro (03° 00° S, 60° 00 W), 22-25 April 1967; MZUSP 6704,
1, 184.8 mm SL, Manaus, Rio Negro (03°10° S, 60°00’), Expedigdo Permanente a
Amazobnia, 15-23 November 1967; INPA 1189, 1, 211.7 mm SL; Manaus, Rio Negro,
Lago Tupé (03° 03°30” S, 60° 19’ 44” W), G.M. Santos, 20 July 1979; INPA 1191, 2,
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210.5-213.3 mm SL, same locality as INPA1189, G.M. Santos, 27 June 1980; INPA
1192, 1, 229.0 mm SL, same locality as INPA1189, G.M. Santos, 22 August 1979;
INPA 1188, 3, 151.2-178.4 mm SL, same locality as INPA1189, G.M. Santos, 31
August 1980; INPA 1187, 6, 179.4-206.8 mm SL, same locality as INPA 1189, G.M.
Santos, 25 September 1979; INPA 1190, 5, 190.8-206.4 mm SL; INPA 13443, 3,
191.5-209.2 mm SL, Manaus, Rio Negro, pesqueiro do Testa (03°08°30” S, 60°01°28”
W), M.L.B. Ribeiro, 31 July 1979; MZUSP 32421, 2, 228.6-266.3 mm SL, Rio
Marauia, cachoeira do Bicho-agu (00°19°00” S, 65° 07°00” W), M.Goulding, 14
October 1979; MZUSP 67268, 2, 214.3-218.4 mm SL, Rio Marauia (00°24°00” S, 65°
12°00” W), M.Goulding, 14 October 1979; MZUSP 91435, 1, 226.0 mm SL, Rio
Negro, Tapera (00°12°00” S, 64°04°00” W), Expedi¢do Permanente a Amazonia, 02
November 1972; INPA 37863, 1, 233.6 mm SL, Santa Isabel do Rio Negro, Rio Aiuana
(00°35°24” S, 64°55°10”W), R. Rayla & P.M. Ito, 03 April 2012; INPA 35580, 1, 202.2
mm SL, Novo Airdo, Rio Carabinani (02°00°27” S, 61°32°13” W), R. Silva, N. Ataide
& A. Anicacio, 01 December 2008; INPA 9998, 1, 120.0 mm SL, Novo Airdo, Rio Jau,
Igarapé do Preto, M. Garcia, 17 July 1993; INPA 13140, 1, 229.4 mm SL, Novo Airdo,
Rio Jat, near its mouth (01°53°54” S, 61°26°43” W), Equipe Ictiologia INPA, 26 June
1994; INPA 11746, 1, 163.8 mm SL, Novo Airdo, Rio Jau, M.Garcia & E.Ferreira, 13
June 1995; MZUSP 67264, 5, 188.0-241.0 mm SL, Novo Airdo, Rio Negro, Parque

Nacional de Anavilhanas, Igapd Estreito (02°42° S, 60°45° W), M. Goulding, August
1980; INPA 11904, 2, 186.2-235.7 mm SL, Novo Airdo, Rio Negro, Igarapé Preto
(01°46°46™ S, 61°45°34” W), M. Garcia, 16 July 1993; INPA 25087, 1, 227.1 mm SL,
Novo Aripuand, Rio Aripuand, Igarapé Arauazinho (05°09°41” S, 60°41°14” W),
L.Rapp Py-Daniel, 28 April 2005; UFRO-ICT 8702, 1, 177.4 mm SL, Novo Aripuana,
Rio Aripuand, near the mouth of the Rio Madeira (05°08°30.5” S, 60°24°3.3” W), A.
Ribeiro, 05 December 2008; UFRO-ICT 1832, 1, 152.1 mm SL, Novo Aripuand, Rio
Aripuana (05°08°55.7” S, 60°23°50.3” W), F. Viana, 22 January 2011; INPA 3210, 1,
227.9 mm SL, Presidente Figueiredo, Rio Pitinga, downstream from the dam Usina
Hidrelétrica de Paranapanema, F. Martinho, 11 October 1989; INPA 10095, 1, 222.3
mm SL, Presidente Figueiredo, Rio Uatuma, Igarapé Arraia, M. Jegu, 15 March 1983;
INPA 10092, 1, 206.4 mm SL, Presidente Figueiredo, Rio Uatuma, Usina Hidrelétrica
de Balbina, M. Jegu, 01 November 1984; INPA 10090, 3, 223.0-253.9 mm SL,
Presidente Figueiredo, Rio Uatuma, cachoeira Miriti, Usina Hidrelétrica de Balbina, M.

Jegt, 01 February 1985; INPA 10091, 1, 206.3 mm SL, Presidente Figueiredo, Rio
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Uatuma, Igarapé Nazaré, Usina Hidrelétrica de Balbina, M. Jegu, 01 February 1985;
INPA 10093, 1, 206.5 mm SL, Presidente Figueiredo, Rio Uatuma, Igarapé Santa Luzia,
Usina Hidrelétrica de Balbina, M. Jegt, 01 February 1985; INPA 19972, 1, 163.8 mm
SL, Presidente Figueiredo, Rio Uatuma, Usina Hidrelétrica de Balbina, S.A. Amadio,
10 May 1987; INPA 10094, 7, 200.4-258.0 mm SL, Presidente Figueiredo, Rio
Uatuma, downstream from the dam Usina Hidrelétrica de Balbina (01°55” S, 59°28°
W), J.A. Zuanon, S. Amadio & C. Deus, 01 July 1987; INPA 15577, 1, 160.8 mm SL;
INPA 15592, 1, 177.7 mm SL, Presidente Figueiredo, Rio Uatuma, Usina Hidrelétrica
de Balbina, S.Amadio, 01 May 1988; INPA 25640, 1, 160.7 mm SL; INPA 25587, 1,
145.7 mm SL; INPA 25641, 1, 194.2 mm SL, Presidente Figueiredo, Rio Uatuma,
downstream from the dam Usina Hidrelétrica de Balbina (01°55°12” S, 59°28°19” W),
E.G.Ferreira & S.A Amadio, 17 August 2005; INPA 17277, 1, 203.7 mm SL,
Amazonas, Santa Luzia, Rio Purus, furo do Lago do Sacado (04°42°48” S,
62°23°54”W), L. Rapp Py-Daniel & C.P. Deus, 03 June 2001; INPA 48834, 1, 191.7
mm SL, Tapaud, Rio Ipixuna, Floresta Tapaud (06°21°17.96” S, 63°14°22.06” W), T.
Couto & G.G. Barros, 14 September 2013; INPA 19175, 1, 203.7 mm SL, Tefé, Lago
Amana (02°42°01” S, 64°32°40” W), W.G.R. Crampton, 14 December 1997; MZUSP
67270, 3, 172.7-208.4 mm SL; MZUSP 77623, 1, 210.7 mm SL, Tefé, Rio Tefé, Supia-
Pucu (03°22°00” S 64°43°00” W), M. Goulding, 28 July 1979; INPA 29042, 1, 187.5
mm SL, Carauari, Rio Jurua, Igarapé Anaxiqui, Reserva de Desenvolvimento
Sustentavel Uacari, comunidade Boa Vista (05°42°50” S, 67°52°18” W), 25 November
2007; INPA 49177, 1, 201.9 mm SL, Japura, Rio Japura, lake on the left bank of the Rio
Japura (01°39°06” S, 69°12°24” W), R. Collins & Marcos, 13 September 2014; INPA
49380, 2, 212.6-231.8 mm SL, Japura, Rio Japurd, lake on the left bank of the Rio
Japurd (01°50°52” S, 69°03°28” W), J. Zuanon, .M. Soares & P.M. Ito, 30 August
2014. Mato Grosso: INPA 10991, 1, 2345 mm SL, Aripuand, Rio Aripuana,
Castanhal, Equipe de Ictiologia INPA, 01 August 1976; MZUSP 63019, 1, 129.3 mm
SL, Sao Félix do Araguaia, Rio Araguaia, W. Severi et al., 22 June 1997. Para: INPA
7106, 1, 179.8 mm SL, Aveiro, Rio Cupari, near the confluence with Rio Tapajos
(03°44°31” S, 55°23°25” W), L.Rapp Py-Daniel & J.Zuanon, 27 October 1991; MZUSP
67265, 9, 170.0-219.7 mm SL, Belo Monte, Rio Xingu (03°07°00” S, 51°42°00” W),
M. Goulding, July—August 1983; MZUSP 106306, 3, 170.6-202.9 mm SL, Rio Xingu,
cachoeira Tamaracd (03°07°35” S, 51°41°00” W), Equipe Ictiologia UFPA, 17
December 2000; MZUSP 32412, 2, 202.1-237.0 mm SL, Cumina, Rio Trombetas
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(01°31°00” S, 56° 12°00” W), M. Goulding, October—November 1983; MZUSP 8257,
1, 164.9 mm SL, Oriximind, Rio Trombetas (01°46°00” S, 55°52°00” W), Expedi¢do
Permanente a Amazonia, 16—-18 December 1967; INPA 10351, 2, 223.2 to 250.2 mm,
Oriximina, Rio Trombetas, downstream of cachoeira Porteira, E. G. Ferreira & L.Py-
Daniel, 03 October 1985; INPA 10352, 2, 153.3-177.9 mm SL, Oriximina, Rio
Trombetas, lago do Tapagem, E. G. Ferreira & L.Py-Daniel, 14 March 1985; INPA
10353, 2, 215.5-217.0 mm SL, same locality and collector as INPA 10352, 14 April
1985; INPA 10354, 1, 156.3 mm SL, Oriximina, Rio Trombetas, downstream of
cachoeira Vira-Mundo, E. G. Ferreira, 08 October 1985; MZUSP 15773, 1, 203.8 mm
SL, Rio Trombetas, Igap6 do lago Farias, Reserva Biologicas de Trombetas (01°25°00”
S, 56°37°00” W), R.M.C. Castro, 15 July 1979; MZUSP 15799, 1, 215.8 mm SL, same
locality and collector as MZUSP 15773, 26 July 1979; INPA 16202, 1, 179.9 mm SL,
Rio Trombetas, Equipe Ictiologia do INPA, 01 November 1987. MPEG 14872, 3,
211.7-217.6 mm SL, Faro, Rio Nhamundd, Lago do Arco (01°43°22.3” S, 57°11°36.3”
W), L.F. Montag, T. Freitas & M. Mendonga, 20 January 2000; MPEG 6579, 1, 225.6
mm SL, Melgago, Rio Anapu, Baia de Caxiuana (01°42°8.14” S, 51°22°19.7” W), L.F.
Montag, 16 November 2000; MPEG 8690, 1, 249.5 mm SL, Portel, Rio Caxiuana
(01°47°47.4” S, 51°33°12.8” W), L.F. Montag, 20 November 2004; INPA 20553, 1,
211.1 mm SL, Maraba, Rio Tocantins, G.M. Santos, 31 August 2000; INPA 24011, 2,
192.9-202.2 mm SL, Nova Ipixuna, Rio Tocantins, G.M. Santos, 07 October 2004;
MPEG 2347, 1, 140.4 mm SL, Porto Jarbas Passarinho, Rio Araguaia, O.R. Cunha, 21
February 1978; INPA 1609, 2, 196.8-203.7 mm SL, Tucurui, Rio Tocantins,
reservatorio de Tucurui, base 11 (03°56° S, 49°36° W), G.M. Santos, 10 November 1981;
INPA 1908, 1, 219.8 mm SL, same locality and collector as INPA 1609, 30 September
1984; INPA 1610, 2, 106.6—113.8 mm SL, Tucurui, Rio Tocantins, upstream of Usina
Hidrelétrica de Tucurui, base IV, G.M. Santos, 05 February 1985; INPA 1608, 1, 190.5
mm SL, Tucurui, Rio Tocantins, reservatorio de Tucurui, approximately 30 Km of base
IT (03°34° S, 49°36° W), G.M. Santos, 29 March 1985; INPA 2500, 3, 149.2-245.5 mm
SL, Tucurui, Rio Tocantins, F. Martinho, 31 May 1988; INPA 21084, 1, 221.1 mm SL,
Rio Tocantins, Jabutizdo, G.M. Santos, 06 March 2000; INPA 1607, 1, 108.3 mm SL,
Itupiranga, Rio Tocantins (05° 09° S, 49° 21° W), G.M. Santos, November 1981.
Rondo6nia: 15193, 5, 124.7-142.4 mm SL, Candeias do Jamari, Rio Jamari, downstream
of Usina Hidrelétrica de Samuel (08°44°16” S, 63°28°26” W), G.M. Santos, 21 June
1988; INPA 10625, 1, 206.8 mm SL, Candeias do Jamari, Rio Candeias, J.P. Viana, 12
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August 1993; UFRO-ICT 10844, 2, 194.1-205.7 mm SL, Candeias do Jamari, Rio
Candeias, near the mouth of the Rio Jamari (08°37°59” S, 63°33°49.63” W), W.M.
Ohara, 14 October 2011; INPA 10621, 1, 205.6 mm SL; INPA 10623, 1, 181.6 mm SL,
Rio Jamari, Igarapé¢ Cinco Estrelas (08°44°16” S 63°28°26” W), J.P.Viana, 24
November 1993; INPA 10620, 1, 175.6 mm SL, same locality and collector as INPA
10621, 31 October 1994; INPA 15182, 1, 116.8 mm SL, Porto Velho, Rio Jamari, lago
do Rio Verde, approximately 70 Km downstream of Usina Hidrelétrica de Samuel,
G.M. Santos, 05 March 1986; INPA 15185, 1, 139.2 mm SL, Porto Velho, Rio Jamari,
approximately 15 Km downstream of Usina Hidrelétrica de Samuel, G.M. Santos, 18
June 1988; MZUSP 14033, 1, 206.5 mm SL, Vale do Paraiso, Rio Machado, Lago
Paraiso (10°12°00” S, 62°07°00” W), M. Goulding, 14 May 1978. Roraima: MPEG
683, 1, 218.4 mm SL, Rio Branco, Igarapé Agua Branca, M. Goulding, 09 May 1979;
INPA 14044, 1, 194.0 mm SL, Corumbati, Rio Branco, M. Souza, 27 September 1997.
Tocantins: NUP 9047, 4, 175.2-193.0 mm SL, Ananas, Rio Araguaia (06°07°24.2” S,
48°18°20.5” W), GERPEL, 11 September 2009; INPA 20204, 1, 208.7 mm SL,
Caseara, Rio Araguaia, Lago Casé, E.G. Ferreira, 18 February 2000. Venezuela: ANSP
159599, 5 (1 cs), 112.2-128.4 mm SL, Bolivar, Cano (possibly Cano Curimo) feeding
rio Caura near confluence with rio Caura and rio Orinoco (07°37°48” N, 64°50°42” W),
B.Chernoft, W. Saul & R. Royero, 22 November 1985; ANSP 165819, 5, 110.3-140.2
mm SL, Bolivar, confluence of rio Orinoco and rio Caura, Las Piedras (07°38°36” N,
64°50°00” W), W. Saul, R. Royero & L. Aguana, 23 November 1985; ANSP 182274, 1,
229.5 mm SL, Amazonas, rio Orinoco, bedrock outcrop, 52.9 Km SE of San Antonio
and 102 Km W of La Esmeralda (01°06°01” N, 66°27°46” W), M.H. Sabaj, N.K. Lujan,
D.C. Werneke & M. Arce, 04 March 2005; AUM 43096, 1, 140.4 mm SL, Amazonas,
Pasaganado, rio Orinoco, 38 Km N of San Fernando de Atabapo (04°23°3.91” N,
67°46°27.98” W), N.K. Lujan, D.C. Werneke, M.H. Sabaj, M. Arce & T.E. Wesley, 01
March 2005. Guyana: AUM 49849, 1, 143.2 mm SL, Region 9 (Upper Takutu),
Essequibo, Rupununi river, at Massara landing (03°53°42” N, 59°17°37.32” W), L.S.
Souza, D.C Taphorn, J.N. Baskin, T. Geerinckx & J.L. Hwan, 06 November 2007.
Peru: ANSP 136880, 1, 104.5 mm SL; ANSP 137807, 1, 174.9 mm SL, Loreto,
vicinity of Iquitos, Morona Cocha outlet, right bank of Nanay river, ca. 9 mi above Rio
Amazonas, C. C.G. Chaplin, M. Hohn, J. Henry & Y. Swabey (Catherwood Peru
Expedition), 14 October 1955; MUSM 14402, 1, 105.5 mm SL, Maynas, Loreto, Puerto
Almendra, Rio Nanay, H. Ortega, 11 December 1986; ANSP 167438, 1, 81.6 mm SL,
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Loreto, Rio Nanay, right bank 0.5mi below Santa Clara (03°45°00” S, 73°17°00” W), D.
Fromm & P. Fromm, 3 September 1990; ANSP 178629, 1, 160.9 mm SL, Maynas,
Loreto, Rio Nanay, downstream half of large beach (left bank) at village of Pampa
Chica, 4.54 Km W of Iquitos, approximaly 11 Km upstream from confluence with Rio
Amazonas (03°45°09” S, 73°17°00” W), M.H. Sabaj, M. Littmann, N. Lovejoy, C.
Skelton, K. Elkin, M. Thomas & J. Stewart, 2 August 2001; ANSP 182467, 1, 126.3
mm SL, same as locality ANSP 178629, M.H. Sabaj, C. Perez, M. Arce & A. Bullard, 7
August 2005.

Anostomoides nattereri (Steindachner, 1876)
(Figures. 1, 2B, 3B, 4 C and D, 6, 7; Tables 1 and 3)

Leporinus nattereri Steindachner, 1876: 114-117 (type locality: “Miindung des Rio
Negro und bei Teffé in den Ausstinden des Amazonenstromes...und im Lago Alexo”,
Brazil). — Garavello & Britski, 2003: 77 (checklist; Essequibo, Orinoco and Solimdes
rivers).

Anostomoides passionis Santos & Zuanon, 2006: 61-66, fig.; 2 and 3 (diagnosis,
description, diagnosis; photos, dentition; ecological notes; type locality: “Rio Xingu,
Viracebo do Arroz Cru, State of Para, Brazil”). — Ohara et al., 2017: 34 (brief
description, diagnosis in key; Rio Teles Pires). — Sidlauskas & Birindelli, 2017: 85
(cited).

Anostomoides sp. 1. — Santos & Jegu, 1989: 165, fig.; pl. V, fig. 2, 3, 4 and 19 (brief

description, diagnosis in key; photo, dentition; lower Rio Tocantins, Brazil).

Diagnosis. Anostomoides nattereri differs from A. atrianalis by having four
branchiostegal rays (Vs. three), three pores in the infraorbital one (vs. four); symphyseal
teeth of premaxillary larger, wider, border slightly convex, remaining teeth with
truncate border and sometimes with small lateral saliencies forming incipient cusps (VS.
bicuspid, and remaining teeth slightly tricuspid, with medial cusp distinctly larger, or
with blunt cutting edge; lower count of lateral line scales (37-39 vs. 41-44); lower jaw
lip with dermal papillae (vs. lower jaw lip without dermal papillae) (Figure 3); three
dark rounded midlateral blotches (vs. three or four vertically elongated blotches and/or a
faded dark longitudinal stripe), dark lines between scale series on posterior half of body

in specimens smaller than 150 mm SL (vs. dark lines absent).
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FIGURE 7. Anostomoides nattereri from the Amazon basin (A and B) and Rio Xingu
(C, D and E): (A) lectotype of A. nattereri, NMW 68346, 104.9 mm SL, Brazil,
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Amazonas, Rio Tefé; (B) MPEG 19714, 94.2 mm SL, Brazil, Par4, Rio Tapajos; (C)
holotype of A. passionis, INPA 13182, 265.0 mm SL, Brazil, Para, Rio Xingu; (D)
paratype of A. passionis, INPA 14876, 161.0 mm SL, Brazil, Para, Ponta da ilha da Bela
Vista; (E) INPA 47730, 81.3 mm SL, Brazil, Pard, Rio Xingu. Scale bars = 10 mm.

Description. Body elongate, lateraly compressed, greatest body depth at dorsal-fin
origin (Table 3). Dorsal profile gently sloped and convex from snout to dorsal-fin base;
slightly slanted and convex along dorsal-fin base; somewhat straight or slightly convex
from end of dorsal fin to adipose-fin origin, and concave from that point to origin of
dorsal procurrent caudal-fin rays (Figure 7). Ventral profile slanted convex from tip
lower jaw to vertical through pectoral-fin origin; slightly convex from vertical through
pectoral-fin origin to anal-fin origin; slightly convex along anal-fin base, and somewhat
concave from anal-fin end to origin of ventral procurrent caudal-fin rays; caudal
peduncle sligthly compressed, almost rectangular and slightly longer than deep.

Head pointed in profile and laterally compressed; snout relatively long. Mouth
slightly upturned; lips thick and fleshy, covered internally with numerous papillae. Four
premaxillary teeth, symphyseal teeth larger, wider, border slightly convex, remaining
teeth with truncate border and sometimes with small lateral saliencies forming incipient
cusps. Four dentary teeth gently decreasing in size laterally, two medial teeth with
truncate cutting edge without cusps, and two lateral teeth with three to five small cusps.
Lower jaw lips fringed and covered with conical or hemi-cylindrical dermal papillae.
Four branchiostegal rays.

Scales large and cycloid. Lateral line complete with 37(3)*, 38(48) or 39(1)
perforated scales, extending from supracleithrum to basis of middle caudal-fin rays.
Horizontal scale rows between dorsal-fin origin and lateral line 5(2), 6(32) or 7(9).
Horizontal scale rows between lateral line and pelvic-fin origin 5(27) or 6(15).
Horizontal scale rows around caudal peduncle 16(51)*. Predorsal scales from dorsal-fin
origin to tip of supraoccipital spine 12(10), 13(11), 14(7), 15(8) or 16 (6).

Dorsal-fin rays ii, 9(3), ii, 10(39), ii, 11(9)* or iii, 11(1). Dorsal-fin origin
slightly anterior to middle of standard length; distal margin of dorsal fin straight or
gently concave. Adipose fin small, slightly rectangular shaped, its origin approximately
at vertical through half of anal-fin base length. Pectoral-fin rays 1, 12(1), 14(34)* or
15(17); its tip extending more than half distance between origins of pectoral and pelvic

fins; pectoral fin base slightly convex; its distal margin slightly convex. Pelvic-fin rays
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1, 8(51)*; with distal margin slightly convex. Anal-fin rays ii, 8(4), iii, 8(37), ii, 9(5)* or
iii, 9(5); its origin approximately at vertical through fifth scale anterior to adipose-fin
origin; distal margin of anal fin straight or gently concave. Principal caudal-fin rays i,

9+8,1 (51)*. Caudal fin forked, upper lobe slightly longer than lower lobe.

TABLE 3. Morphometrics of Anostomoides nattereri. N = Number of specimens, N =
Number of specimens, Min = Minimum, Max = maximum, Mean = average, SD =

standard deviation.

Character Lectotype N Min—Max Mean SD
Standard length (mm) 104.9 42 78.1-268.4 1747 56.5
Percents of standard length
Adipose-fin origin to hypural joint 15.3 42 11.9-20.6 17.1 1.3
Body depth 315 42 24.5-38.7 30,0 23
Body width — 42 9.4-17.4 11.7 1.0
Caudal-peduncle depth 11.2 42 9.3-13.6 10.9 0.6
Caudal-peduncle length 11.6 42 114-17.1 14.2 1.1
Dorsal-fin origin to adipose-fin origin 38.9 42  37.2-52.1 42.1 2.1
Dorsal-fin origin to caudal-fin origin 43.2 42 41.2-70.8 5777 34
Head length 28.4 42 19.7-30.3 23.4 1.7
Lower jaw to adiposa-fin origin 71.2 42  79.0-1049 84.0 25
Lower jaw to anal-fin origin 66.4 42 74.6-98.4 784 2.2
Lower jaw to dorsal-fin origin 48.4 42 38.9-57.1 439 23
Lower jaw to pectoral-fin origin 23.1 42 18.0-294 22.7 1.9
Lower jaw to pelvic-fin origin 53.05 42 429-61.5 474 2.1
Percents of head length
Bony interorbital 37.4 42 42.6-67.3 539 39
Eye diameter 28.4 42 22.0-39.5 294 24
Head depth 77.5 42 80.1-132.9 1049 109
Preopercle depth 53.4 42 66.8-119.8 872 9.2
Preopercle length 77.6 42  64.0-100.6 73.7 4.4
Snout depth 106.12 42 34.4-90.4 563 6.8
Snout length 38.9 42 25.044.1 343 33
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Coloration in alcohol. Body with background color light brown to beige (Figure 7).
Body with three inconspicuous midlateral rounded dark brown blotches in small
specimens (up to 200 mm SL): first one below dorsal-fin base; second blotch above
anal-fin origin; third blotch at caudal peduncle terminus. Body with two conspicuous
round dark midlateral in large specimens (from 200 mm SL): first blotch below dorsal-
fin base; second above anal-fin origin. Dark midlateral blotches covered by epidermal
dark pigmentation in large specimens (more than 200 mm SL), blotches circle-shaped.
Posterior portion of body (from vertical through dorsal-fin origin to terminus of caudal
peduncle) with dark lines between scale series in specimens smaller than 150 mm SL.
Dorsal fin with rays and interradial membranes pale on proximal portion and dark on
median and distal areas, or uniformely tan. Caudal, pectoral and pelvic fins uniformly
tan. Anal fin with rays and interradial membranes pale on proximal area and dark on
median and distal area. Adipose fin with base and lobe pale, except median portion,
which is light dark.

Distribution. Anostomoides nattereri is distributed in the Amazon river and in the
following tributaries at the Amazon basin: Negro, Tefé, Tapajos, Tocantins and Xingu

river basins Brazil (Figure 8).

| ) | i/ A 5
-65.0 -59.0 -53.0 -47.0
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FIGURE 8. Geographic distribution of species of Anostomoides nattereri: red star: type
locality of A. nattereri; white star: type locality of A. passionis; and red diamond:

records of A. nattereri. Some symbols may correspond to more than one locality.

Common names. The presence of a large head is usually associated in the Brazilian
fish literature with the common names “aracu cabega gorda” (Santos et al., 1984; Santos
et al., 2006) or “piau de cabeca gorda” (Santos et al., 1984; Ferreira et al., 1998; Santos
et al., 2006). On the other hand, Anostomoides nattereri is popularly called as “aracu
vermelho” (Santos, 2004) or “piau do sarao” (Santos & Zuanon, 2006).

Remarks. Steindachner (1876) described Leporinus nattereri based on several
specimens from the Amazon basin. The name Leporinus nattereri is occasionally cited
in regional checklists (e.g., Lasso et al., 2004; Ocampo et al., 2008; Sarmiento et al.,
2014), but it cannot be assumed that these citations truly refer to specimens conspecific
with the species described by Steindachner (1876).

All 12 syntypes of Anostomoides nattereri deposited in the MCZ and in the
NMW were examined. Even though the type specimens of A. nattereri include several
individuals collected in distinct sites, they are in fact all conspecific. One specimen
from Tefé (NMW 68346) relatively large (104.9 mm SL) and well-preserved is herein
selected as lectotype.

Anostomoides nattereri was reported in Bolivia and Colombia (Lasso et al.,
2004; Ocampo et al., 2008; Sarmiento et al., 2014). Even though we were not able to
examine specimens collected outside Brazil, the wide distribution of A. nattereri

indicates that it is likely that the species occurs in other South-American countries.

Material Examined. Type material: NMW 68346, 1, 1049 mm SL, Brazil,
Amazonas, Rio Tefé, J. Natterer, Austrian Expedition in Brazil (1817-1835), lectotype
of Anostomoides nattereri, by present designation. MCZ 20384, 3, 79.0-103.0 mm SL,
Brazil, Amazonas, confluence between the Rio Tefé and Rio Solimdes (03°24° S,
64°45> W), L. Agassiz, Thayer Expedition, October 1865; NMW 68344, 3, 79.9-86.9
mm SL, Brazil, Amazonas, Lago Aleixo, F. Steindachner, 1874; NMW 68345, 4, 67.2—
81.3 mm SL, same as NMW 68344; NMW 68346b, 1, 101.2 mm SL, same as NMW
68346. INPA 13182, 1, 265.0 mm SL, Brazil, Pard, Rio Xingu, Viracebo do Arroz Cru
(03°25°15” S, 51°55°08” W); G.M. Santos & J. Zuanon, 17 September 1997. Holotype
of Anostomoides passionis. INPA 4043, 2, 229.6-268.2 mm SL, same as INPA 13182;
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MZUSP 86023, 1, 268.4 mm SL same as INPA 13182. Paratypes of Anostomoides

passionis.

Non types. Brazil: Amazonas: INPA 14042, 1, 88.5 mm SL, Manaus, Rio Branco,
C.C. Fernandes, 15 November 1992; MZUSP 14452, 1, 193.3 mm SL, Manaus, Rio
Negro, Igarapé Jaraqui (03°00° S, 60°24° W), Expedi¢do Permanente a Amazonia, April
1967; INPA 14043, 1, 89.0 mm SL, Manaus, Rio Negro, right side, near the confluence
with Rio Branco, M.Souza, 28 September 1997; NMW 87756, 1, 163.0 mm SL, Tefé,
mouth Rio Negro; MZUSP 77615, 1, 170.3 mm SL, Sao Gabriel da Cachoeira, Rio
Negro, Igap6 (00°07° S, 67°05° W), M. Goulding, 18 May 1979. Maranhao: UNT 83,
2, 215.0-236.3.mm SL, Estreito, Rio Tocantins, near the confluence with the Rio
Itaueira (06°30” S, 47°25° W), NEAMB — UFT, 29 June 2000; MNRIJ 39644, 1, 213.0
mm SL, Estreito, Rio Tocantins, drained stretch for the construction of the Usina
Hidrelétrica de Estreito, D.F. Morais, E. Dubanskas & M. Senna, 06 March 2010. Mato
Grosso: INPA 45078, 1, 162.1 mm SL, Paranaita, Rio Teles Pires, downstream of Sete
Quedas, Solange, Reginaldo & Rosalvo, February 2014; MZUSP 54551, 1, 163.2 mm
SL, Sdo Francisco do Araguaia, Rio Araguaia Cole¢ao Rio Araguaia, February 1998.
Para: MZUSP 110595, 2 (Sk), 230.0-232.0 mm SL, Altamira, Rio Bacajai (03° 52' 11"
S, 51°52'48.0" W), O.T. Oyakawa, J.L.O. Birindelli, C. Moreira, A. Akama, L. Sousa
& H. Varella, 19 November 2000; MZUSP 105643, 1, 239.6 mm SL, Altamira, Rio
Xingu, Caituca (03° 33' 44" S, 51° 52' 37" W, Equipe de Ictiologia da UFPA, 05 — 06
November 2000; INPA 47730, 1, 81.3 mm SL, Altamira, Rio Xingu, approximately 4
km above the confluence with the Rio Iriri (03°51°08” S, 52°35°17” W), M. Sabaj, 02
November 2014; INPA 47181, 1, 256.3 mm SL, Altamira, Rio Xingu, beach at 59 km
from Altamira (03°35°01” S, 51°49°23” W), M. Sabaj, 10 November 2014; INPA
40489, 1, 88.8 mm SL, Anapu, Rio Xingu, below of the Volta Grande, near Cachoeira
Camaraca (03°07'13" S, 51°38'01" W), M. Sabaj, 21 September 2013; INPA 40753, 5,
78.1-176.0 mm SL, Anapu, Rio Xingu, below of the Volta Grande (03°11'03" S,
51°37'02" W), M. Sabaj, 28 September 2013; INPA 40840, 1, 264.4 mm SL, Anapu,
Rio Xingu, below of the Volta Grande and Cachoeira Tamaraca (03°07'41" S, 51°37'17"
W), M. Sabaj, 01 October 2013; MPEG 19714, 1, 94.2 mm SL, Itaituba, Rio Tapajos,
vila de Miritituba (04°17'13.8" S, 55°57'36.2" W), C.S. Ramos, 09 July 2010; INPA
1613, 2, 95.1-155.2 mm SL, same locality and collector as INPA 1607, 01 September
1980; INPA 24014, 1, 207.2 mm SL, Nova Ipixuna, Rio Tocantins, reservoir of
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Hidrelétrica de Tucurui, G.M. Santos, 07 October 2004; MZUSP 5429, 6 (1 Sk), 131.9—
169.5 mm SL, Oriximind, Rio Trombetas (01°46° S, 55°52” W), Expedi¢ao Permanente
a Amazonia, February — March 1967; INPA 53134, 1, 186.3 mm SL, Tucurui, Rio
Tocantins, reservoir of Hidrelétrica Tucurui, base II (03°56° S, 49°36° W), G.M. Santos,
September 1984; INPA 2501, 1, 195.2 mm SL, Tucurui, Rio Tocantins, F. Martinho, 31
May 1988; INPA 20565, 1, 232.0 mm SL, Tucurui, Rio Tocantins, downstream from
the dam Usina Hidrelétrica de Tucurui (03°45'30" S, 49°39'10" W), Equipe Eletronorte,
16 May 2000; INPA 24013, 2, 207.2-216.2 mm SL, same locality as INPA 20565,
G.M. Santos, 27 October 2004; LIA 1229, 1, 175.5 mm SL, Sao Félix do Xingu, Rio
Pedra Preta (06°43'29.35" S, 51°58'54.12" W), L. Souza, A. Gongalves & C. Martins,
22 September 2014; LIA 1157, 1, 104.6 mm SL, Sao Félix do Xingu, Rio Remansinho
(06°55'58.48"S, 52°08'13.45" W), L. Souza, A. Gongalves & C. Martins, 23 September
2014. Tocantins: NUP 8383, 1, 177.8 mm SL, Tocantins, Xambioa, Rio Araguaia
(06°25'49" S, 48°34'32" W), GERPEL, 23 March 2009.

FIGURE 9. Frontal view of the head showing thickened, fringed lips with numerous
dermal papillae in: (A) Synaptolaemus latofaciatus, MZUEL 14112, 72.0 mm SL; (B)
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thickened, fringed lips in Laemolyta taeniata, MZUEL 14859, 149.5 mm SL and (C)
Leporinus fasciatus, MZUEL 14698, 136.3 mm SL; (D) thickened lips without fringes
in Leporinus friderici, MZUEL 4986, 126.2 mm SL. Scale bar = 10 mm.

(A) (B)

FIGURE 10 Lateral view of the head showing thickened, fringed lips with numerous
dermal papillac in: (A) Anostomoides atrianalis, ANSP 159599, 132.8 mm SL, (B)
Leporinus fasciatus, ANSP 161713, 189.9 mm SL, (C) Anostomoides nattereri, FMNH
103451, 141.8 mm SL, (D) Synaptolaemus latofasciatus, ANSP 190764, 80.2 mm SL.

Scale bar = 5 mm.
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Discussion

The extensive analyses of meristic data as well as color pattern conducted here
showed that the four nominal species of Anostomoides represent two valid species based
on discrete differences in both counts and measurements of individuals (see Diagnoses).
In addition, the Principal Components Analysis (PCA) (Figure 1) discriminated two
groups, the first comprising specimens of A. atrianalis from the Amazon, Essequibo and
Orinoco river basins, and the second formed by specimens of A. nattereri from the
Amazon, Tapajos, Tocantins and Xingu basins. Specimens of A. atrianalis are easily
distinguished from A. nattereri based on meristic data and color pattern. In addition, A.
atrianalis shows greater interorbital distance (42.6—67.3 % vs. 34.4-53.8 % of HL) (Fig.
3).

Specimens of Anostomoides nattereri are also easily distinguished from A.
atrianalis by presenting lower jaw lip covered with conical or hemi-cylindrical dermal
papillae (vs. lip fleshy, thick and fringed) (Fig. 4). The lower jaw lip in A. atrianalis is
similar to that described by Birindelli et al. (2012) for Pseudanos varii in which the
lower jaw lips are fleshy and fringed. When analyzing other species of anostomids, we
observed that the lower jaw lip is always fleshy and with distinct degrees of fringing as
illustrated in Fig. 8. Winterbottom (1980) and Sidlauskas & Vari (2008) noted that only
the genera Gnathodolus, Sartor and Synaptolaemus possesses the lower jaw lip with
dermal papillae. Santos & Zuanon (2006) also noted the fringed flesh lip when
describing Anostomoides passionis.

Géry (1977) and Santos & Zuanon (2006) distinguished A. atrianalis from A.
laticeps in a key to species identification based on the plain color of the body and anal
fin with 10 branched rays in the former (vs. three transverse bands plus dark
pigmentation at caudal base and eight branched anal-fin rays in the latter). However, the
types, and specimens collected in localities close to the type locality of A. atrianalis,
exhibit eigth branched rays in the anal fin, and possess three or four vertically elongated
blotches and/or a faded dark longitudinal stripe.

Géry (1977) based his diagnosis of A. atrianalis on the description presented by
Pellegrin (1909), who included branched and unbranched rays in the count of anal-fin
rays, and on the faded coloration exihibited by the types of A. atrianalis. Santos &
Zuanon (2006) followed the information provided by Géry (1977). Santos & Zuanon
(2006) A. atrianalis a specimen rare in collections and also in nature. Sidlauskas & Vari

(2012), in their inventory of the fishes of Guyana, did not have samples of
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Anostomoides, despite having specimens of other species collected in the type locality
of A. laticeps (Crab Falls, Essequibo river drainage). We were able to examine a single
non-type specimen collected in the Guyana (AUM 49849), confirming the hypothesis of
synonym between A. atrianalis and A. laticeps.

Anostomoides nattereri is widely distributed in the Amazon basin, including the
Negro, Tapajoés, Tocantins and Xingu basins, and possibly rivers in Bolivia and
Colombia. Nevertheless, it is a species poorly documented, possibly, due to
misidentification (e.g., Santos & Jégu, 1989). Garavello (1979), in his revision of
Leporinus, based A. nattereri diagnosis on only ten specimens from a few localities
(including Rio Negro and Rio Tefé¢), what may have contributed to subsequent
misidentified (e.g., Santos & Jégu, 1989), and the recent description of Anostomoides
passionis, a junior synonym.

The genus Anostomoides is distinguished among Anostomidae by having a
combination of non-exclusive features. Anostomoides atrianalis has an upturned mouth
and A. nattereri has a slightly upturned mouth (Figure 2). Among Anostomidae, an
upturned mouth is present in Laemolyta, and in the Anostominae (Anostomus,
Gnathodolus, Petulanos, Pseudanos, Sartor and Synaptolaemus). On the other hand,
other genera of the Anostomidae possess a terminal mouth, such as Abramites,
Schizodon, Rhytiodus and some species of Leporinus, or downturned mouth, as
Hypomasticus, Leporellus, Megaleporinus and some species of Leporinus.
Winterbottom (1980) considered an upturned mouth ("supraterminal" in his
terminology) present only in Anostominae. Laemolyta and Anostomoides were
considered by previous authors (Géry, 1977; Winterbottom, 1980; Mautari & Menezes,
2006) as presenting an intermediate condition between a terminal mouth (as in some
Leporinus, for example) and the upturned mouth of Anostominae. Even though this
interpretation is corroborated herein for A. atrianalis, it is not entirely true for A.
nattereri, which have a slightly less upturned mouth. This help to show that the mouth
position varies continuously among species of Anostomidae, as, there is also a great
variation in this feature in the remaining anostomids, in which mouth vary continually
from terminal to downturned. In fact, this variation can be seen in distinct ontogenetic
stages of a single species (e.g., Birindelli & Britski, 2009; Machado-Evangelista et al.,
2015). Recent phylogenetic analyses based on molecular data show that the mouth
position has changed independently in some groups of Anostomidae (Ramirez et al.,

2016, 2017).
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The Anostomidae presents a wide variation in the shape and number of
premaxilla and dentary teeth among species and especially among genera. Despite this
variation, some clearly distinguishable patterns exist and teeth morphology is used, at
least since Myers (1950), as a rich source of diagnostic features to define genera of
Anostomidae. In fact, a few species are diagnosed almost exclusively based on teeth
morphology (e.g., Leporinus geminis Garavello & Santos, 2009) and number (e.g.,
Leporinus venerei Britski & Birindelli, 2008). The number of teeth on each premaxilla
and dentary in most anostomids is four, as it is in both species of Anostomoides.
However, reduction of the number of teeth occurs in several species, including
Abramites, Sartor and in some species of Leporinus, Megaleporinus and Hypomasticus
(Britski & Birindelli, 2008; Ramirez et al., 2017). The extreme condition of a single
tooth in dentary is present in Gnathodolus (Myers, 1927). Sidlauskas & Vari (2008)
considered a continuously rounded tooth with no distinct point of inflection as a
unicuspid tooth. According to this definition all members of the family have at least one
cusp on their teeth. However, adult specimens of several genera as Anostomus,
Pseudanos, Petulanos, Schizodon, and Rhytiodus have three of four distinct cusps of
similar size on the premaxillary and dentary teeth (Myers, 1950; Winterbottom, 1980;
Sidlauskas & Vari, 2008; Ramirez et al., 2016), or only on the premaxillary teeth as in
Laemolyta (Mautari & Menezes, 2006). On the other hand, adult specimens of
Hypomasticus, Megaleporinus, Leporellus and Leporinus have generally unicuspid
teeth (rarely bicuspid) on the premaxillary and dentary bones (Birindelli & Britski,
2013; Birindelli et al., 2013, Birindelli & Teixeira, 2016; Ramirez et al., 2016). Juvenile
specimens of these four genera have teeth with three cusps (rarely four or five cusps)
with median cusps distinctly larger (Sidlauskas & Vari, 2008), showing that teeth
morphology also changes ontogenetically. Unique conditions of teeth morphology are
present in Abramites, which possesses the first two teeth of the dentary bone with two
cusps and remaining teeth unicuspid (Vari & Williams, 1987; Sidlauskas & Vari, 2008),
and in Sartor and Gnathodolus, that possess an enlarged sickle-shaped symphyseal
tooth on the dentary bone and remaining teeth absent or reduced in size and cusp
number (Myers, 1927; Winterbottom, 1980; Sidlauskas & Vari, 2008). Adult specimens
of Anostomoides possess teeth morphology similar to the species of Hypomasticus,
Megaleporinus, Leporellus, and Leporinus, in which the premaxillary and dentary bones
possess unicuspid or bicuspid symphyseal teeth (forming a blunt cutting edge) and

remaining teeth with small cusps (three or even more cusps in some specimens). So,
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even though the teeth morphology of Anostomoides is not exclusive, it helps to
distinguish the genus from most other genera of Anostomidae.

The monophyly of Anostomoides is currently not supported by any exclusive
features and must be tested in a phylegenetic framework, something beyond the scope

of the present contribution.

Comparative material examined. All from Brazil, except if otherwise noted.

Abramites hypselonotus: Acre: MZUEL 5425, 3, 74.4-110.3 mm SL, Rio Branco, Rio
Acre, Praia D. Bela, O.A. Shibatta, 28 August 2009; Mato Grosso do Sul: MZUEL
13599, 2, 96.1-97.5 mm SL, Corumb4, Estrada Parque, Vazante 38, Drenagem do Rio
Paraguai (19°32°28.49” S, 57°02°23.2” W), O.A. Shibatta, 18 August 2008. Anostomus
ternetzi: Mato Grosso: MZUEL 7629, 2, 53.9-65.9 mm SL, Barra do Gar¢a, Rio
Corrente (15°29'56.9" S, 52° 42' 40.5" W), L.R. Jarduli, W.B. Ruiz & E. Santana, 31
July 2008. Gnathodolus bidens: Rondonia: MZUEL 14113, 1, 58.3 mm SL, Candeias
do Jamari, Rio Jamari, Canal de desvio da Usina Hidrelétrica de Samuel, G.M. Santos,
07 June 1988; Laemolyta proxima: Amazonas: MZUEL 17132, 1, 216.2 mm SL,
Manaus, Doagdo INPA, sem dados, O.A. Shibatta, 03 July 2003. Laemolyta taeniata:
Amazonas: MZUEL 14859, 5, 149.5-200.7 mm SL, Novo Airao, Rio Negro, Praia do
Saraa, Parque Nacional de Anavilhanas (02°36'49.46" S, 60°57'19.55" W), J.L.O.
Birindelli, F. Jerep, L. Rapp Py-Daniel, D. Bastos, R. Ota, & S. Hashimoto, 06 May
2016. Leporellus vittatus: Minas Gerais: MZUEL 16409, 1, 139.3 mm SL, Buritizeiro,
Rio Sao Francisco (17°12'56.9" S, 44°56'07.8" W), J.L.O. Birindelli, F.C. Jerep, E.
Santana & R.H.C. Nascimento, 07 July 2016; Parana, MZUEL 4694, 1, 148.6 mm SL,
Londrina, Rio Taquara, Distrito de Maravilha (23°30'51" S, 50°57'18" W), W. Galves,
13 December 2006. Leporinus fasciatus: Amazonas: MZUEL 14698, 3, 136.3-203.3
mm SL, Novo Airdo, Rio Negro, Lago do Prato, Parque Nacional de Anavilhanas
(02°43'2.50" S, 60°44'41.53" W) J.L.O. Birindelli, F. Jerep, L. Rapp Py-Daniel, D.
Bastos, R. Ota, & S. Hashimoto, 03 May 2016; Leporinus friderici: Parana: MZUEL
4986, 1, 126.2 mm SL, Parand, Londrina, ribeirdo Trés Bocas, Parque Ecoldgico Dr.
Daisaku Ikeda (23° 23" 06" S, 51°04'33" W), L.G. Caetano, 03 December 2007;
MZUEL 384, 2, 104.9-115.6 mm SL, Parana, Sapopema, Rio Tibagi, Porto do Areia
(24°0126" S, 50°41'51" W), ECPUEL, 05 May 1990. Leporinus piau: Maranhao:
MZUEL 17418, 2, 138.1-141.75 mm SL, Rio Turiagu (02°15'49" S, 45°19'24" W), E.C.
Fraga, W.M.M. Pires & R.C Lima, 03 July 2015; Leporinus steindachneri: MZUEL
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16474, 6, 100.4-207.1 mm SL, Minas Gerais, Aguas Vermelhas, Rio Pardo downstream
of Usina Hidrelétrica de Machado Mineiro (15°31'16.3" S, 41°30'14.8" W), J.L.O.
Birindelli, F.C. Jerep, E. Santana & R.H.C. Nascimento, 03 July 2016. Megaleporinus
piavussu: MZUEL 4245, 1, 96.6 mm SL, Parana, Jataizinho, ribeirdao Taquari
(23°12°24” S, 50°55°50” W), ECPUEL, 22 October 1999. Megaleporinus obtusidens:
MZUEL 18367,1, 151.8 mm SL, Rio Grande do Sul, Itaqui, Rio Uruguai,
approximately Rio Ibicui (29°06'59.2" S, 56°33'47.8" W), LAPAD-UFSC, 24
November 2016. Megaleporinus reinhardti: MZUEL 7058, 1, 120.3 mm SL, Bahia,
Bom Jesus da Lapa, Rio Sao Francisco, upstream Bom Jesus da Lapa (13°19'12" S,
43°27°30” W), A. Akama & J.L.O. Birindelli, 16 February 2011. Pseudanos varii:
MZUEL 14695, 5, 80.1-118.6 mm SL, Amazonas, Novo Airdo, Rio Negro, Lago do
Prato, Parque Nacional de Anavilhanas (02°43'2.50" S, 60°44'41.53" W), J.L.O.
Birindelli, F. Jerep, L. Rapp Py-Daniel, D. Bastos, R. Ota, & S. Hashimoto, 03 May
2016; Rhythiodus microlepis: MZUEL 17133, 1, 238.9 mm SL, Amazonas, Manaus,
Doagdo INPA, sem dados, O.A. Shibatta, 03 July 2003. Synaptolaemus latofasciatus:
Amazonas: MZUEL 14112, 1, 72.0 mm SL, Presidente Figueiredo, Rio Uatuma,
cachoeira do Miriti (01°40° S, 59°39° W), E. G. Ferreira, R.G. Leite & S. Kullander, 04
October 1987.
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Testing the monophyly of Anostomoides, with description of a new genus of Anostomidae
(Characiformes)

Abstract

Anostomidae is the second most diverse family of the Characiformes. However, much is still
poorly understood in the taxonomy and phylogeny of the species of the group. Anostomoides is
one of the 15 genera of Anostomidae and it encompasses only two valid species, according to the
recently published taxonomic revision. Anostomoides atrianalis, the type species, is a more
widespread species occurring in the Amazon, Orinoco, and Essequibo drainages, wheras A.
nattereri is distributed in the Amazon basin. The phylogenetic relationships of these species are
poorly understood. The aim of the present contribution is to study the phylogenetic relationships
of these two species among Anostomidae, testing the genus monophyly. For that, two independent
phylogenetic analyses were performed, one including 123 morphological characters coded for 48
species of Anostomidae representing almost all genera and another using five gene sequences
obtained in GenBank or originally sequenced. Our results strongly support the poliphyly of
Anostomoides, as previously defined. Therefore, a new genus is detailed described and illustrated
to allocate A. nattereri. In addition, the main characters supporting the phylogenetic relationships
of the new genus are discussed.

Key-words. Phylogeny; Anostomoidea; South America; Anostomus.

Resumo

Anostomidae ¢ a segunda familia de Characiformes mais diversa. Entretanto, h4 ainda muito o que
se conhecer sobre a taxonomia e filogenia das espécies deste grupo. Anostomoides ¢ um dos 15
géneros de Anostomidae e inclui apenas duas espécies validas, de acordo com a revisdo
taxondmica recentemente publicada. Anostomoides atrianalis, a espécie tipo do género, ¢ mais

amplamente distribuida ocorrendo nas drenagens dos rios Amazonas, Orenoco e Essequibo,
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enquanto que A. nattereri distribui-se na bacia Amazonica. As relagdes filogenéticas entre estas
espécies sdo pouco conhecidas. O objetivo do presente estudo ¢ investigar as relagdes
filogenéticas destas duas espécies, testando o monofiletismo do género. Para isso, duas andlises
filogenéticas independentes foram realizadas, a primeira com base em 123 caracteres
morfologicos codificados para 48 espécies que representam quase todos os géneros, € a segunda
usando sequéncias de cinco genes obtidas no GenBank ou originalmente. Nossos resultados
corroboram o polifiletismo de Anostomoides, como previamente definido. Portanto, um género
novo ¢ detalhadamente descrito e ilustrado para abrigar A. nattereri. Além disso, os principais
caracteres que suportam as relacdes filogenéticas do género novo sdo discutidos.

Palavras-chave. Filogenia; Anostomoidea; América do Sul; Anostomus.

Introduction

Anostomidae is the second most diverse family of the Characiformes (Nelson, Grande &
Wilson, 2016), with approximately 155 valid species, distributed in 15 genera (Ramirez et al.,
2017). The anostomids are relatively abundant and widely distributed in South America, from
north of Colombia to temperate Argentina (Garavello & Britski 2003), occurring in all major
basins, including Amazonas, Uruguay, Parand, Paraguay, Orinoco, Essequibo, Sdo Francisco,
Magdalena and Maracaibo lake, as well as the smaller basins of eastern and northeastern Brazil,
Guyanas basins, Suriname, and eastern Ecuador.

Between the years of 1885 and 1886, Jean Chaffanjon and his team collected, in the
Orinoco river in Venezuela, three specimens of Anostomidae with a slightly upturned mouth,
possibly intemediary between genera Leporinus Agassiz 1829 and Anostomus Scopoli 1777
(Pelegrin, 1909). Based on these specimens, Pelegrin (1909) described the genus Anostomoides to

allocate his new species: A. atrianalis.
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Few years later, Eigenmann (1912) described Schizodontopsis laticeps, based on
specimens collected in the Essequibo river at Crabs Falls in Guyana. The species was later
transferred to Anostomoides laticeps (Géry, 1974). These two species of Anostomoides remained
known only for their types for many decades. More recently, Santos & Zuanon (2006) described
Anostomoides passionis as a species endemic to the rapids of the Xingu river in Brazil. The
taxonomy of the group was only recently assessed (Assega & Birindelli, 2019) and currently
Anotomoides includes only two valid species: A. atrianalis (senior synonym of A. laticeps) and A.
nattereri (senior synonym of A. passionis). The later valid species was described in Leporinus by
Steindachner, remained poorly known until now, and transferred to Anostomoides by Assega &
Birindelli (2019).

The validity of Anostomoides was debated in the 20" century, first when Borodin (1931)
considered it a subgenus of Schizodontopsis (=Laemolyta), and then when Myers (1950)
considered it as a taxon with insufficient information to delimit its validity. Géry (1974)
resurrected Anostomoides limiting his comments to a footnote, mentioning it as distinct from
Laemolyta Cope 1872.

The phylogenetic relationships of Anostomoides are also insufficiently studied. In a
comprehensive phylogenetic analysis based on morphology, Sidlauskas & Vari (2008) recovered
Anostomoides atrianalis as sister group to Anostominae (Anostomus Scopoli 1777, Gnathodolus
Myers 1927, Petulanus Sidlauskas & Vari 2008, Pseudanos Winterbottom 1980, Sartor Myers &
Carvalho 1959 and Synaptolaemus Myers & Fernandez-Yépez 1950,) plus Rhytiodus Kner 1858,
Schizodon Agassiz 1829 and Laemolyta Cope 1872. More recently molecular-based analyses,
proposed by Melo (2015) and Ramirez (2015), showed Anostomoides atrianalis as sister group to
Laemolyta, Rhytiodus and Schizodon, whereas Anostominae was considered as more closely
related to Leporellus, at the insertion of the anostomid tree. However, no studies so far have

included A. nattereri, therefore no test of the monophyly of Anostomoides was ever performed.
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The aim of the present contribution is to investigate the phylogenetic relationships of the
two species of Anostomoides, based on morphology and molecules, thus testing the genus
monophyly. As a result, a new genus exclusively to allocate A. nattereri is diagnosed, described,

and illustrated.

Material and methods
Osteological preparations and Terminology

Specimens were cleared and double stained (cs) following Taylor & Van Dyke (1985), or
prepared as dry skeletons according to Bemis et al. (2004). Dissections followed the technique
described by Weitzman (1974). Osteological nomenclature follows Weitzman (1962), except for
the following cases. Entopterygoid is used instead of mesopterygoid, following Arratia (1992).
Anterior and posterior ceratohyal is used instead of ceratohyal and epihyal, following Vari (1983).

Institutional abbreviations for fish collections follow Sabaj (2016).

Morphological Phylogeny

To the character matrix of Sidlauskas & Vari (2008), which included 46 species
representing 14 genera (all except Megaleporinus) and approximately one third of species
diversity of Anostomidae, to which Leporinus scalabrinni Ameghino 1898, was later added by
Bogan, Sidlauskas, Vari & Agnolin (2012), we added A. nattereri, for which we coded all the 123
characters described in the original study (Table 1). Additionally, the character codification for A.
atrianalis was reviewed based on additional specimens (Table 2, and see Comparative Material).
Fourteen outgroup taxa were included, and Distichodontidae was used as tree root, following
Sidlauskas & Vari (2008). The data matrix was assembled in Mesquite v. 1.12 (Maddison &
Maddison, 2017). Phylogenetic analysis based on morphological characters was obtained by

parsimony analysis using TNT software version 1.1 (Goloboff, Farris & Nixon, 2008). Following
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Sidlauskas & Vari (2008), all characters were considered as non-additive and receveid equal
weights. One thousand heuristic searches were undertaken, using tree bisection—reconnection
(TBR), and the program set to collapse branches of zero length. A strict consensus tree was
calculated from resulting trees. Consistency (CI) and Retention (RI) indices of fundamental trees
and strict consensus were also calculated using TNT, through the script ‘stats’.

Table 1. Character states for 123 characters of Anostomoides atrianalis. Characters based on
Sidlauskas & Vari (2008).

1100201201 0000101100 0110011000 ~ 4231040000 1110110110 0000000001
1100101100 0110110001 0011001011 1001210000 0000101100 0100001101

000

Table 2. Character states for 123 characters of New genus. Characters based on Sidlauskas & Vari
(2008).

0000101200 1000001111 0010000000 4110140010 0120110110 0000000001
1100010010 0110010000 0011001010 1101210001 0000011100 0100000100

000

Molecular Phylogeny

We used sequences from 29 species belonging to 11 genera of Anostomidae compiled
from GenBank along with four outgroup species belonging to Chilodontidae, Curimatidae,
Prochilodontidae and Hemiodus unimaculatus (Bloch 1794) (Hemiodontidae), latter used for
rooting the trees (Table 3). In case of multiple individuals of the same species, the taxon
presenting the most complete sequence was chosen and the others discarded.

DNA extractions from muscle or fins were carried out using a DNeasy Tissue kit (Qiagen

Inc.) following manufacturer’s instructions. We amplified partial sequences of the two
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mitochondrial genes cytochrome oxidase ¢ subunit | (COI, 630 bp) and cytochrome b (Cytb, 1,005
bp) and three nuclear genes myosin heavy chain 6 gene (Myh6, 750 bp), recombination activating
gene 1 (Ragl, 1,317 bp), and recombination activating gene 2 (Rag2, 1,020 bp). Primer sequences
were obtained from the literature (Palumbi, 1996; Lovejoy & Collette, 2001; Li, Orti, Zhang &
Lu, 2007; Melo, Benine, Mariguela & Oliveira, 2011; Abe, Mariguela, Avelino, Castro &
Oliveira, 2013). We used 12.5 pl as a total volume with 9.075 pl of double-distilled water, 1.25 pl
5x reaction buffer, 0.375 MgCly, 0.25 pl ANTP mix at 8 mM, 0.25 pl of each primer at 10 uM,
0.05 pl Platinum Taq DNA polymerase enzyme (Invitrogen; www.invitrogen.com) and 1.0 pl
genomic DNA (10-50 ng). PCR parameters consisted of an initial denaturation (4 min at 95°C)
followed by 28-30 cycles of chain denaturation (30 s at 95°C), primer hybridization (30-60 s at
52-54°C), and nucleotide extension (30-60 s at 72°C). Fragments were vizualized using 1%
agarose gel and the PCR product was cleaned using ExoSAP. Sequencing followed using dye
terminators (BigDye™ Terminator v 3.1 Cycle Sequencing Ready Reaction Kit, Applied
Biosystems) and purified through ethanol precipitation. We then sequenced the samples on an
automatic sequencer ABI 3130-Genetic Analyzer (Applied Biosystems) at the Universidade
Estadual Paulista Julio de Mesquita Filho, Botucatu.

We assembled and edited consensus gene sequences in Geneious v11.1.2 (Kearse et al.,
2012) and aligned using the Muscle algorithm (Edgar, 2004). We used the concatenated matrix to
run maximum likelithood (ML) searches using a random starting tree with GTRGAMMA model
(Stamatakis, Hoover & Rougemont, 2008) through RAxML 7.2.8 (Stamatakis, 2006) as
implemented on Geneious 11.1.2. All other parameters are left at default. One thousand bootstrap

pseudoreplicates tested the support for each node.
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Table 3. Voucher information and GenBank accession numbers for specimens included in the analyses.

Species River Basin Catalog number COI Cytb RAGI RAG2 Myh6
Abramites hypselonotus Madeira Madeira UFRO-I 8234* | KF568968 | KF569013 | KF569056 | KF569099 | KF569142
Abramites hypselonotus Yarinacocha Amazonas MUSM 47356 | KU134848 | KU134866 | KU134884 | KU134902 | KU134920
Anostomoides atrianalis Caura Amazonas AUM 53813
Anostomoides atrianalis Nanay Amazonas FMNH 123875
Anostomoides atrianalis Aripuana Amazonas UNIR8702

Anostomus ternetzi Arinos Tapajos MZUSP 113996 | KF568970 | KF569013 | KF569056 | KF569099 | KF569142
Anostomus ternetzi Jamanxim Tapajos MZUSP 97271
Hypomasticus megalepis Pitinga Uatuma MZUEL 10200 | KX020571 | KX020574 | KX020580 | KX020583 | KX020577
Hypomasticus Bananal Paraibado |\ 17Er 08002 | KX020572 | KX020575 | KX020581 | KX020584 | KX020578
mormyrops Sul
';ggﬁ%set:fu”: Madeira Madeira UFRO-12156 | KF568973 | KF569016 | KF569059 | KF569102 | KF569145
Laemolyta fernandezi Tocantins Araguaia GEPEMA-5598 | KF568974 | KF569017 | KF569060 | KF569103 | KF569146
Laemolyta proxima Madeira Madeira UFRO-1 4043
Leporellus cf. vittatus Cataniapo Orinoco AUM 54212
Leporellus vittatus Salto das nuvens Sepotuba MZUSP 113987 | KF568980 | KF569023 | KF569066 | KF569109 | KF569152
Leporellus vittatus Parana La Plata LBP 1669
Leporinus copelandii Manhuagu Doce MCNIP 0459 KF568978 | KF569021 | KF569064 | KF569107 | KF569150
Leporinus fasciatus Madeira Madeira UFRO-I 3343 KF568981 | KF569024 | KF569067 | KF569110 | KF569153
Leporinus friderici Turvo Parana MZUSP 113983 | KF568982 | KF569025 | KF569068 | KF569111 | KF569154
Leporinus lacustris Cuiaba Paraguay MZUSP 113991 | KF568985 | KF569028 | KF569071 | KF569114 | KF569157
Leporinus steindachneri Jequitinhonha Jequitinhonha | MCNIP 0379 KF568994 | KF569037 | KF569080 | KF569123 | KF569166
Leporinus striatus Salto das nuvens Sepotuba MZUSP-113986 | KF568995 | KF569038 | KF569081 | KF569124 | KF569167
Megaleporinus elongatus Itacambirugu Jequitinhonha MCNIP 0375 KU134853 | KU134871 | KU134889 | KU134907 | KU134925
Megaleporinus Cuiabé Paraguay | MZUSP 118667 | KU134856 | KU134874 | KU134892 | KU134910 | KU134928
macrocephalus
Mz%?lﬁf’é’gr'gus Jacui Jacui MCP 25476 | KU134859 | KU134877 | KU134895 | KU134913 | KU134931
Megaleporinus Ucayali Amazonas | MUSM 47351 | KU134865 | KU134883 | KU134901 | KU134919 | KU134937

trifasciatus
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New genus Bacajai Xingu MZUSP 110595

New genus Iriri Xingu INPA 40009

New genus Xingu Xingu INPA 40753

New genus Xingu Xingu INPA 40840
Pseudanos trimaculatus Cautério Madeira UFRO-1 14970 | KF569003 | KF569046 | KF569089 | KF569132 | KF569175
Rhytiodus lauzannei Madeira Madeira UFRO-1 6840 | KF569005 | KF569048 | KF569091 | KF569134 | KF569177
Rhytiodus microlepis Madeira Madeira UFRO-I 18647 | KF569004 | KF569047 | KF569090 | KF569133 | KF569176
Schizodon borellii Cuiaba Paraguay MZUSP 113990 | KF569006 | KF569049 | KF569092 | KF569135 | KF569178
Schizodon fasciatus Guaporé Madeira MZUSP 113989 | KF569007 | KF569050 | KF569093 | KF569136 | KF569179
Schizodon intermedius Tiete Parana MZUSP 113995 | KF569008 | KF569051 | KF569094 | KF569137 | KF569180
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171 Results

172 [genus name], new genus

173 Type species by monotypyc: Leporinus nattereri Steindachner 1876.

174

175 Diagnosis

176 The new genus is diagnosed among Anostomidae, except Anostominae, by having dermal
177 papillae on upper and lower lips (Fig. 1; vs. dermal papillac absent), and by lacking a
178  lateroanterior process on the palatine (Figs. 3—4; vs. palatine bearing a lateroanteriorly directed
179 process). The new genus is diagnosed by Anostominae by having slightly upturned mouth in

180  specimens larger than 100 mm SL (vs. distinctly uptuned mouth in all specimens).

181
>
premaxilla f
/&
maxilla
—
1 mm
Imm
A dentary
retroarticular
182

183  Figure 1. Scanning electron microscope image of left upper and lower jaws of “Anostomoides” nattereri,
184  MZUSP 5429, 89.0 mm SL (A) and lips and teeth in detail of “Anostomoides” nattereri, FMNH 103451,
185  141.8 mm SL (B).
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191
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2 mm

1 mm

Figure 2. Detail of Palatine in lateral (left) and dorsal (right) views of: (A and B) Caenotropus
labyrinthicus, MZUSP29351, 68.9 mm SL; (C and D) Prochilodus nigricans, MZUSP 95799, 112.5 mm
SL; (E and F) Petulanos intermedius, MZUSP 97330, 59.6 mm SL; (G and H) Anostomoides atrianalis,
ANSP159599, 159.6 mm SL.
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196

G \ 2 mm H 2 mm
Figure 3. Detail of Palatine in lateral (left) and dorsal (right) views in skeleton of: (A and B)
“Anostomoides” nattereri, MZUSP110595, 232.0 mm SL; (C and D) Leporellus vittatus, MZUSP 106332,
155.0 mm SL; (E and F) Leporinus obtusidens, MZUEL 16470, 260.0 mm SL; (G and H) Anostomoides
atrianalis, MZUSP 67269, 218.0 mm SL.
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The new genus can be further distinguished from Abramites and Megaleporinus by having
four teeth on the premaxillary and dentary bones (vs. three); from Laemolyta and Schizodon by
having the two medial premaxillary teeth with one or two cusps (VS. premaxillary teeth with four
or fives cusp); from Anostomoides by having four branchiostegal rays (vs. three) and 37 to 39
lateral line scales (vs. 41 to 44); from Rhytiodus by having 37 to 39 lateral line scales (vs. 48 to
92); from Hypomasticus and Leporinus by having slightly upturned mouth in specimens larger
than 100 mm SL (vS. mouth downturned or terminal in specimens larger than 100 mm SL); and
from Leporellus by having slightly upturned mouth (vs. downturned mouth), caudal-fin rays naked
(vs. medial third of caudal-fin rays covered by scales) and caudal fin uniformely colored (vs.

caudal fin with three to seven dark longitudinal stripes).

Description
For information regarding general body shape, description of external features,
morphometrics, and meristics (including counts of rays and scales and teeth), see Assega &

Birindelli (2019).

Osteology

Infraorbital bones and associated elements. Infraorbital series composed by six plate-like bones
(Fig. 4). Infraorbital 1 deep, rounded margin, with its ventral portion larger than dorsal portion;
sensory canal slightly vertical, with lower half bended posteriorly, bearing three equidistant pores
and located on ventral portion of infraorbital. Infraorbital 2 elongate, length approximately three
times depth, with irregular margin; sensory canal more or less longitudinal, bearing one pore on
anterior tip, an intermediate pore and a pore on posterior tip. Infraorbital 3 elongated, abbreviated

C-shaped with irregular margins, length twice depth, one pore on each extremity. Infraorbital 4
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vertical, deep, with depth twice length; sensory canal Y-shaped bearing three pores, with posterior

pore on dorsal portion of posterior margin.

Tol

1'02 ' 2 mm

Figure 4. Infraorbital bones and associated elements of “Anostomoides” nattereri, MZUSP 5429, 138.7
mm SL. Ant: antorbital, [o1-6: infraorbital, Na: nasal, So: supraorbital

Infraorbital 5 deep, with depth twice length, inclined with ventral portion more posterior
than dorsal one, with irregular margin; sensory canal straight with two pores, one at each dorsal
and ventral tips. Infraorbital 6 approximately ovate, inclined more longitudinal than vertical with
dorsal portion anteriorly oriented; sensory canal shorter than bone, Y shaped, bearing three pores,
two on dorsal tip. Anterorbital relatively thin, more or less straight, inclined with anterior portion
anteriorly directly, posterior portion acute; sensory canal absent. Supraorbital plate-like, inclined
in the same direction as antorbital; sensory canal absent. Nasal plate-like, inclined as antorbital

and supraorbital, bearing straight sensory canal with four equidistant pores.

Suspensorium and jaws. Quadrate triangular with large invagination in posterior margin,
forming the quadrate-metapterygoid window; condyle of articular bone on anteroventral portion
lateral face with large horizontal bony shelf for adductor mandibulae extended posterior (length

almost twice length of remaning quadrate) (Fig. 5). Ectopterygoid vertical, depth three times
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length, contacting palatine dorsally and posteriorly quadrate. Palatine shaped as a bean, contacting
ectopterygoid and mesopterygoid, without median process (as in most Anostomidae, Sidlauskas &
Vari, 2008: fig. 41). Unossified tissue, partially cartilaginous, on medial face of palatine.
Mesopterygoid small on lateral face, slightly larger on medial face and sutured to metapterygoid.
Metapterygoid shaped as half circle with straight dorsal border and anteroventral invagination for

quadrate-metapterygoid window.

C Pop lmm
Figure 5. Suspensorium and jaws of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. Ecpt:
ectopterygoid, Enpt: entopterygoid, Hy: hyomandibular, IOp: interopercle, Mpt: metapterygoid, Op:
opercle, Pl: palatine, Pop: preopercle, Q: quadrate, SOp: subopercle, Sy: symplectic.

Sympletic small, plate-like and inclined, located between metapterygoid and preopercle.
Preopercle large, shaped as an inverted C, with an opening near sympletic, bearing an inverted L-
shaped sensory canal with five pores. Sensory canal continued anteriorly toward lower jaw,
passing through three ossifications. Hyomandibular vertical, depth three length, shaped as an

inverted C, with two condyles dorsally, and many small openings on ventral portion.
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Opercle semicircular, with more or less straight anterior margin, posteroventral margin
overlapping suborpercle, sickle shaped with blunt anterior margin. Interopercle rounded, acute
anteriorly.

Lower jaw trapezoid to triangular, acute anteriorly, with condyle on posteroventral portion
of jaw. Dentary large, anguloarticular vertical, with dorsal flange of moderate size (Fig. 1). Upper
jaw formed by edentulous maxillary bone, with acute dorsal tip and large ventral tip, posteriorly
extended, overlapping dentary ventrally, and overlapped by premaxillary bone dorsally.

Premaxillary bone trapezoid to triangular, with small dorsal process bent posteriorly,
median process small linking counterpart premaxillary bone. Four premaxillary teeth, symphyseal
teeth larger, wider, border slightly convex, remaining teeth slightly tricuspid with medial cusp
distinctly larger or with blunt cutting edge. Four dentary teeth gently decreasing in size laterally,
two medial teeth with truncate cutting edge without cusps, and two lateral teeth with three to five

small cusps.

Hyoid arch. Dorsal hypohyal larger than ventral hypohyal, possessing a foramen (Fig. 6).
Anterior ceratohyal larger than posterior ceratohyal, with anteroventral extension sutured to dorsal
hypohyal. Four branchiostegal plate-like rays gradually larger posteriorly. Urohyal large,
triangular, with straight dorsal and ventral margins, and irregular concave posterior margin.

Interhyal small, rod-like.
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Figure 6. Hyoid arch of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. ACh: anterior ceratohyal,
BR: branchiostegal rays, DHh: dorsal hypohyal, Ih: interhyal, PCh: posterior ceratohyal, Uh: urohyal,
VHh: ventral hypohyal.

Branchial arches. Basihyal elongate, rod-like, anterior half partially cartilaginous with anterior
margin rounded; posterior half completely ossified; dorsaly margin contacting edentulous basihyal
toothplate (Fig. 7). Three ossified basibranchial, small, interconnected by cartilage, first one small

and rod-like, basibranchials 2 and 3 rod-like except for triangular anterior tip.
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Figure 7. Branchial apparatus of “Anostomoides” nattereri MZUSP 5429, 138.7 mm SL. AECb4:
accessory element of ceratobranchial 4, Bb1-3: basibranchial 1-3, Bh: basihyal, BhTp: basihyal
toothplate, Cb1-5: ceratobranchial 1-5, Epl—4: epibranchial 1-4, Hb1-3: hypobranchial 1-3, Pb1—4:
pharyngobranchial 1-4, PC: posterior copula; TPPb4: tooth plate of fourth pharyngobranchial, TPCb5:
tooth plate of fifth ceratobranchial.

Posterior copula (also known as basibranchial 4 cartilage (Mattox, Britz & Toledo-Piza,
2016)) elongate, cartilaginous, plate-like anteriorly and rod-like posteriorly. Three ossified
hypobranchial dorsoventrally flattened, with cartilaginous tips, and laterally attached to respective
ceratobranchials. Hypobranchial 1 medially attached to basibranchials 1 and 2, bearing an
anteromedially directed cartilaginous tip. Hypobranchial 2 attached medially with basibranchials 2
and 3, bearing an anteromedially directed carilagenous tip. Hypobranchial 3 with acute tip

anterolaterally directed, posteriorly connected via cartilage to basibranchial 3.
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Five ossified ceratobranchial, rod-like and elongate, posteriorly attached to respectively
epibranchial (except for fifth ceratobranchial). Two rows of gill rakers on first three
ceratobranchials and one anterior row of gill rakers in forth and fifth ceratobranchials. Fifth
ceratobranchial with anterior portion expanded with one irregular row of teeth on dorsal surface.

Four ossified epibranchials, lacking gill rakers. First epibranchial rod-like, with slightly
bifurcated medial tip. Second epibranchial Y-shaped. Third epibranchial with posterior bony
extension and distinct uncinate process. Fourth epibranchial with uncinate process larger than
medial tip. First pharyngobranchial with small dorsoposterior process and ventrolateral articulate
with epibranchial 1. Second pharyngobranchial with small dorsolateral process ending in a
cartilaginous tip, attached anteriorly with first pharyngobranchial 1, anteromedial attached with
epibranchial 1 and posteriorly articulate with anterior margin of the pharyngobranchial 3. Third
pharyngobranchial with small dorsolateral process, ending in cartilaginous tip, attached
dorsomedial with ceratobranchial 2, posterolateral with ceratobranchial 3 and posteriorly with
pharyngobranchial 4. Fourth pharyngobranchial articulate anteriorly with pharyngobranchial 3,
anterolateral attached with ceratobranchial 3, posteroventraly attached with caratobranchial 4 and
posterodorsal attached with pharyngeal toothplate of the fourth epibranchial. Pharyngeal
toothplate associated with epibranchial 4 and bearing two rows of six and four teeth on ventral

surface.

Cranium. Mesethmoid located in anteriormost portion of neurocranium, slightly sloped and
convex (Fig. 8); shaped as an equilateral triangle in dorsal view (Fig. 9); anteriorly articulate with
frontals and ventrally connected to vomer. Vomer anteriorly expanded articulated with palatine,

thin posteriorly, bearing one foramen on each side of anterior expansion.
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Figure 8. Cranium of “Anostomoides” nattereri lateral view (A and B), MZUSP 5429, 138.7 mm SL. BI:
baudelot ligament, Boc: basioccipital, Cla: claustrum, Epo: epioccipital, Exo: exoccipital, Fro: frontal, In:
intercalarium, Let: lateral ethmoid, LpC2: lateral process of centrum2, Mes: mesethmoid, NA4: neural
arch 4, Nc¢: neural complex, NS4:neural spine 4, Os: 0s suspensorium, Osph: orbitosphenoid, Par: parietal,
Pro: prootic, Pto: pterotic, Psph: parasphenoid, Ptsph, pterosphenoid, Se: scaphium, SOc: supraoccipital,
Sph: sphenotic, Tr: tripus, Vom: vomer.
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Lateral ethmoid large, with well-developed ventrolateral spine-like process, posterolateral
margin forming orbit; anterodorsal margin forming floor of nasal cavity. Frontal large, forming
most of dorsal surface of head, rectangular-shaped with more or less straight lateral margin,
extended medially forming epiphyseal bar on centrum of fontanel. Parasphenoid long and thin,
lateral process present at middle of bone, posteriorly extended under basioccipital and beyond
forming paired irregular free process that is extended posteriorly till second vertebral centrum.
Orbitosphenoid between sphenotic and frontal. Pterosphenoid laminar and thin, between
orbitosphenoid, frontal, sphenotic and prootic. Sphenotic with ventrolateral spine-like process,
anteroventral margin forming orbit. Prootic large, forming floor and sides of braincase, with three
large foramina for trigemino-facial nerve trunk. Pterotic with well-developed posterolateral spine-
like process.

Parietal nearly rectangular-shaped, dorsal, sutured to frontal, and separated from
countersided part by cranial fontanel. Supraoccipital forming posterior margin of cranial fontanel
and medial margin of posttemporal fossa, with acute posterior extension forming crest, the
supraoccipital spine. Epioccipital trirradiated, forming margins of posttemporal and subtemporal

fossae.
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Figure 9. Cranium of “Anostomoides” nattereri in dorsal (A) and ventral view (A and B), MZUSP 5429,
138.7 mm SL. BIl: baudelot ligament, Boc: basioccipital, C1-4: centrum 1-4, Cla: claustrum, Epo:
epioccipital, Exoc: exoccipital, Fro: frontal, In: intercalarium, Let: lateral ethmoid, LpC2: lateral process
of centrum 2, Mes: mesethmoid, NA4: neural arch 4, Ne¢: neural complex, NS4:neural spine 4, Os: 0S
suspensorium, Osph: orbitosphenoid, Par: parietal, Pro: prootic, Pto: pterotic, Psph: parasphenoid, Ptsph,
pterosphenoid, Rb4: rib 4, Sc: scaphium, SOc: supraoccipital, Sph: sphenotic, Tr: tripus, Vom: vomer.
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Basioccipital relatively small, ventrally covered by parasphenoid, expanded laterally
forming part of lagenar capsule, and housing origin of Baudelot ligament; small cartilaginous
portion on posteroventral margin. Intercalar small, L-shaped, attached mainly to prootic.
Exoccipital large, forming most of posteroventral face of skull, bearing three foramina (lateral

occipital foramen, magnum foramen, and vagus foramen).

Weberian apparatus. Neural complex large, laterally compressed with ventral margin slightly
rounded, and bearing an invagination on anteroventral margin, attached to supraoccipital
anteriorly, and posteriorly to basioccipital, neural arch of third vertebra and neural arch and spine
of fourth vertebra (Fig. 8). Scaphium rounded, shell-shaped, with a small pinlike process ventrally
articulated with first centrum. Intercalarium small, L-shaped, inserted on second vertebral
centrum, posterodorsally articulate with neural arch of third vertebra, bearing a small anterolateral
process (manubrium intercalarii) articulated with scaphium, and tripus by means of a strong
fibrous ligament (Fig. 9). Claustrum small, blent, located between neural complex and scaphium.
Os supensorium small, curved and directed medially, connected to counterpart medially by thin
conective tissue. Tripus ventrally attached to third centrum, wide, mainly triangular, with thin
hook-like projection posteromedially and passing through the fourth rib, anteriorlly, thin hook-like
projection connected with 0S supensorium by connective tissue.

Vertebral centrum 1 shortest, bearing deep, narrow paired pits on dorsal margin articulated
with ventral process of scaphium. Vertebral centrum 2 with anteroventral process extended
anterolaterally. Vertebral centrum 3 large (compared to first and second centra), bearing a strong
transverse process extended anterolaterally, and neural arch 3 with a small transverse process
attached dorsally to neural complex. Fourth vertebral centrum larger than third, bearing broad

neural arch and spine.
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Six T-bone shaped supraneurals, inserted on dorsal midline of body between fourth to ninth

vertebrae. First supraneural ventrally articulated with anterior margin of spine of fourth vertebra.

Pectoral girdle. Extrascapular small, ovoid, articulated with posttemporal and posterolateral
region of cranium, bearing sensory canal with three pores, one directed to parietal, one to pterotic,
and another to posttemporal (Fig. 10). Posttemporal laminar bearing two dorsally directed spine-
like process, dorsally articulate with parietal, bearing sensory canal on ventral portion.
Supracleithrum elongate, vertical, posterior margin concave, sensory canal present and exiting

near medial portion towards body lateral line.

A

Figure 10. Pectoral fin of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. Co: coracoid, Cl:
cleithrum, Dt: distal radial, Exs: extrascapular, Msc: mesocoracoid, Pel 1-3: postcleithra 1-3, Pr: proximal
radials, Pt: posttemporal, Sc: supracleithrum.

Cleithrum large, triangle-shaped, with dorsal process long tapering towards
supracleithrum, folded medially on anterodorsal margin. Coracoid large, with two spine-like

process, bearing a foramen on margin posterior. Mesocoracoid small, J-shaped, located between
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coracoid and scapula. Scapula small, I-shaped, forming part of scapular foramen, with cleithrum.
Postcleithrum 1 small, ovoid, dorsal portion laterally overlapping supracleithrum. Postcleithrum 2
large, laterally overlapping cleithrum. Postcleithrum 3 elongated, rod-like and with sharp edges.
Series of pectoral radials composed by six proximal and eight distal elements. First three
proximals fused forming a single bone, other rod-ilke. First six distals ossified and lenticular, last

two small and cartilaginous. Pectoral fin with one unbranched and fifteen branched rays (Fig. 10).

Pelvic girdle. Pelvic bone strong, tapering anteriorly with cartilaginous tip (Fig. 11). Isquiatic
process strong, curved anteriorly, and sharp posteriorly. One pelvic-fin lateral radial, cartilaginous
and inserted on base of first and second pelvic-fin ray. Three pelvic-fin medial radials, ossified,
inserted between fourth and eightth pelvic-fin branched rays. One pelvic-fin middle radial,

ossified, similar and parallel to ischiatic process. Two unbranched and eight branched rays
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Figure 11. Pelvic fin of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. IsP: isquiatic process,
PBo: pelvic bone, PvLr: pelvic-fin lateral radial, PvMer: pelvic-fin medial radials, PvMir: pelvic-fin
middle radial

Dorsal fin. Dorsal fin with two unbranched and 10 branched rays (Fig. 12). First pterygiophore
large, inserted between neural spines of vertebrae 8 and 9, and supporting two dorsal-fin rays;
other 10 pterygiophores smaller and supporting one dorsal-fin ray each. Posterior to last proximal

pterygiophore, a hook shape piece cartilaginous (end piece, or dorsal fin stay). First dorsal-fin ray

76



414

415

416

417
418
419

420

421

422

423

424

425

426

427

articulated to first proximal radial, second to fifth rays articulated to proximal and distal radials,

and sixth to 13" ray articulate with medial and distal radials.

PR

/ APV

Figure 12. Dorsal fin of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. DFS: dorsal fin stay, DR:
distal radial, MR: medial radial, Ns: neural spine, PR: proximal radial, Sn: supraneural.

Anal fin. Anal fin with four unbranched rays and eigth branched rays (Fig. 13). First
pterygiophore large, inserted between neural spines of vertebrae 22 and 23 and supporting four
unbranched anal-fin rays; eight other pterygiophores smaller and supporting one branched anal-fin
ray each. First to fourth pterygiophores possessing only proximal and distal radials. Anal-fin
unbranched rays articulated with proximal and distal radials, fifth to 12" rays articulated with
medial and distal radials. An end piece (or anal-fin stay), posterior to last pterygiophore, hook

shape and cartilaginous.
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Figure 13. Anal fin of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. AFS: anal fin stay, DR:
distal radial, Hs: haemal spine, MR: medial radial, PR: proximal radial.

Caudal skeleton. Caudal fin with six dorsal and five ventral procurrents rays, 10 principal caudal-
fin rays on dorsal lobe and 9 on ventral lobe; base of lobes separated by diastema (Fig. 14). Rays
on dorsal lobe supported by hypurals 4 to 6 and pleurostyle; rays on ventral lobe supported by
parhypural, hypurals 1 and 2. Base of parhypural fused to compound centra (urostyle). Hypural 1
large, separeted from compound centra. Hypural 2 sutured to compound centra. Hypural 3
contacting compound centra. Hypural 4 to 6 gradually deacreasing in size posteriorly, separeted
from compound centra. Opisthural cartilage V-shaped on posterior tip of notochord. Uroneural 1
large, closely attached to pleurostyle, uroneural 2 small, separate, located at distal tip of
pleurostyle. Three epurals, first smallest, second longest. Neural and haemal spines of ural centra
2 and 3 plate-like, with spines of second centrum larger that those of third centrum. Cartilagenous

stay anterior to first ventral procurrent ray.
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Figure 14. Caudal fin of “Anostomoides” nattereri, MZUSP 5429, 138.7 mm SL. Ep 1-3: epural 1-3; H1-
6: hipurals 1-6; Hs: haemal spine; Mnp: modified neural process, Ns: neural spine, Opc: opisthural
Cartilage, Ph: parhypural, Un 1-2: uroneural 1-2, Us: urostyle.

Etymology

To be defined.

Phylogenetic relationships

The phylogenetic analysis based on 123 morphological characters coded for 48 ingroup
taxa resulted in a total of 240 equally parsimonious trees with 523 steps each, consistency index
equals to 0.390, and retention index equals to 0.800. The strict consensus tree (Fig. 15) shows that
“Anostomoides” nattereri was recovered as sister to all anostomids, except for Leporellus,
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whereas Anostomoides atrianalis was recovered as sister to Anostominae plus Laemolyta,
Rhytiodus, and Schizodon.

The clade that included thte new genus close to all Anostomidae, except Leporellus, was
supported by seven synapomorphies: 1) presence of ventromedial plate-like process of
mesethmoid extended ventrally and posteriorly towards vomer: (Character 18: 0 > 1); 2) insertion
of primordial ligament on medial surface of maxilla located within ventral half of longest axis of
bone (Character 49: 0 > 1); 3) width of ventral portion of maxilla narrow, only slightly expanded
in axis transverse to long axis of bone (Character 52: 1 > 0); 4) form of association of
posterodorsal and posterior processes of quadrate separated with length of separate portion of
posterodorsal process approximately twice width of process or greater (Character 76: 0 > 1); 5)
symplectic long with posterior margin of bone situated proximate to ventral margin of
hyomandibular (Character 87: 0 > 1); 6) one or two complete rows of teeth on tooth-plate of fifth
ceratobranchial (Character 96: 2 > 1); and 7) presence of one or more dark blotch with distinct
margins present along lateral-line scale row, each blotch approximately one to two scales in height

(Character 118: 0> 1).

80



473

69

‘ _lz Leporellus vittatus
% Leporellus pictus

B
—— New genus

_E Hypomasticus pachycheilus
g9

5— Hypomasticus mormyrops
88

% _E Hypomasticus megalepis
87 L=— Hypomasticus despaxi
~s— Leporinus gomesi
= —=7— Leporinus ortomaculatus
—i— Leporinus friderici
= Leporinus cf. niceforoi
—7— Leporinus cf. moralesi
66 5— Leporinus cf. ecuadorensis

—-=— Leporinus aripuanensis

— Leporinus agassizi
55— Leporinus striatus
64 _IZ Leporinus scalabrinii
. 0 Le—" Abramites hypselonotus
—s— Leporinus fasciatus
{0 Leporinus cf. fasciatus
—EE Leporinus tigrinus
% L Leporinus jantucochi
55— Leporinus pellegrini
—— Anostomoides atrianalis
—7— Rhytiodus argenteofuscus
B o8 _E Rhytiodus microlepis
19— Rhytiodus lauzannei
59 75— Schizodon scotorhabdotus
5 Schizodon knerii
o Schizodon vittatus
T Schizodon fasciatus
_E Schizodon nasutus
193 L= Schizodon isognathus
—— Laemolyta garmani
30 —— Laemolyta taeniata
92 _E Laemolyta proxima
Ml Laemolyta orinocensis
) s Pseudanus winterbottomi
—5— Pseudanus trimaculatus
515 Pseudanus irinae
=) 53— Pseudanus gracilis
7 Anostomus ternetzi
7 b Anostomus anostomus
%0 _E Sartor plicatus
% L Petulanos intermedius

86

|
|

77

102 T01

83

77— Synaptolaemus cingulatus

85 70— Sartor elongatus
T'; Gnathodolus bidens

81



474
475
476
477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

Figure 15. Strict consensus cladogram of 240 most parsimonious trees (540 steps, consistency index =
0.390, retention index = 0.800) constructed with 123 morphological data, showing the inter-relationships
amongst of the “Anostomoides” nattereri and the remainder Anostomidae.

The clade that included all Anostomidae, except Leporellus and “Anostoimoides” nattereri,

was recovered and supported by four synapomorphies: 1) anteroventral portion of sixth
infraorbital not greatly expanded and overlapping anteroventral process of sphenotic (Character
13: 0 > 1); 2) two cusps on second and third teeth of premaxilla (Character 33: 1 > 2); 3) palatine
with distinct plate- or finger-like process extending away from main, rounded portion of bone
cradled by dorsal portion of ectopterygoid (Character 67: 0 > 1); and 4) process of palatine with
distinct lateral, anterolateral or anteroventral orientation (Character 68: 0 > 1).

The five synapomorphies that was recovered and supported the clade that included the
genera Anostomoides, Laemolyta, Schizodon, Rhytiodus plus subfamily Anostominae was: 1)
retroarticular ventrally situated in lower jaw and forms part of ventral margin of lower jaw, line
drawn along ventral margin of retroarticular barely, if at all, intersects ventral portion of dentary
(Character 65: 0 > 1); 2) posterodorsal margin of opercle continuously convex or straight and
completely lacking concavity (Character 90: 0 > 1); 3) presence of ossified first basibranchial
(Character 92: 1 > 0); 4) presence of supraneural dorsal to Weberian apparatus (Character 106: 1 >
0); 5) presence of complete dark stripe along lateral-line scale row (Character 120: 0 > 1).

The new genus possesses nine non-exclusive autapomorphies: 1) flange of fifth infraorbital
posterior of sensory canal, less extensive or entirely absent, with at least dorsal section of flange
missing (Character 11: 0 > 1); 2) presence of deep grooves on each side of vomer that receive
dorsal portion of entopterygoid and metapterygoid (Character 20: 0 > 1); 3) presence of at least
two teeth on premaxilla with strong ventral bend followed by anterior-facing alignment, resulting
in zigzag shape to tooth in lateral profile (Character 35: 0 > 1); 4) presence of distinct notch in
posterior lamina of symphyseal tooth of dentary (Character 39: 0 > 1); 5) main body of
symphyseal tooth of dentary with straight incisiform margin and no apparent cusps (Character 41:

1 > 0); 6) main body of third tooth of dentary with two distinct cusps (Character 43: 1 > 2); 7)
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presence of dermal papillae on lower lip: (Character 66: 0 > 1); 8) length of process of palatine
very long, length of process approximately two or more times width of process (Character 69: 0 >
1); and 9) one or two full rows of teeth on fifth upper pharyngeal tooth-plate (Character 94: 2 > 1).

The phylogenetic analysis based on molecular data recovered “Anostomoides” nattereri as
sister group to all anostomids (Fig. 16). Even though the supports of the lowermost branches are
relatively low, this new hypothesis corroborates the polyphyly of Anostomoides (as previous
defined, Santos & Zuanon, 2006; Assega & Birindelli, 2019) and the need to recognize a new

genus to allocate “Anostomoides” nattereri, confirming the results based on morphology.
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512 Figure 16. Phylogenetic tree showing relationships among the species of Anostomidae analyzed by a
513  Maximum Likelihood (ML) resulted from five genes sequences. The numbers on the nodes are bootstrap
514 support.
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DISCUSSION

Assega & Birindelli (2019) diagnosed Anostomoides using a combination of non-exclusive
characters, including mouth upturned or slightly upturned with four teeth on premaxillary,
including symphyseal tooth unicuspid or bicuspid, remaining teeth slightly tricuspid (with medial
cuspid distinctly larger); four dentary teeth, symphyseal tooth with truncate cutting edge (without
cusps); and second tooth with a single large cusp, and two lateral teeth with small cusps (three or
slightly more cusps). Nevertheless, all these characters are homoplastic and present in distinct
genera of Anostomidae. In addition, Anostomoides atrianalis shares with Abramites, Laemolyta,
Leporinus, Megaleporinus, Rhytiodus, and Schizodon several morphological characters, and
strongly supported relationship based on molecular data. These characters and the molecular
support are not shared by “Anostomoides” nattereri, leaving no doubt of the polyphyly of the
former Anostomoides (as defined in previous studies), prompting the need of the recognition of a
new genus to allocate “Anostomoides” nattereri.

Based on the results obtained independently using morphological and molecular
characters, “Anostomoides” nattereri occupies a relatively basal position among Anostomidae, as
sister group to all remaining genera (Fig. 16), or alternatively to all except Leporellus (Fig. 15).
The most interesting feature that is responsible for recovering the new genus close to Leporellus
(at the base of the Anostomidae) is the absence of a lateroanterior directed process on the palatine.
The condition present in the new genus is very similar to that present in the Anostominae, and
very distinct from the condition present in other Anostomidae, including Leporinus and
Anostomoides atrianalis (Figs. 2-3). Interestingly, Leporellus has an intermediate condition
(compared to the new genus and derived anostomids such as Leporinus), in which the process is
present but not blent anterolaterally (Fig. 3). Sidlauskas & Vari (2008) considered the palatine to
be modified in other families of Anostomoidea and did not code these taxa for characters 67 and

68. Nevertheless, the palatine of Chilodontidae, Curimatidae, and Prochilodontidae (Fig. 2) is
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similar to the condition present in the new genus and Anostomidae, in which the palatine is bean-
shaped and lack any distinct process. Therefore, it is likely that the presence of a lateroanteriorly
directed process on the palatine is a synapomorphy for the Anostomidae (except the new genus,
and Leporellus).

Another interesting feature that is diagnostic for the new genus is the presence of dermal
papillae on the upper and lower lips (Fig. 3). Even though this feature was considered as eclusive
to Sartor, Synaptolaemus and Gnathodolus by Winterbottom (1980) and Sidlauskas & Vari (2008:
character 66), dermal papillaec is conspicuously present in the upper and lower lips of all
Anostominae, as showed by Birindelli, Lima & Britski (2012) for Pseudanos. The presence of
shared characters between the new genus, Leporellus and the Anostominae indicate an alternative
scenario in which these three groups are at the base of the Anostomidae. Interestingly, this
scenario corroborates, in part, the phylogenetic hypothesis based on the molecular data, in which
the Anostominae has a more basal position, and could represent the best explanation to solve the
conflit in the results obtained in the two independent analyses.

On the other hand, the relationship between Anostomoides atrianalis, Laemolyta,
Rhytiodus, and Schizodon were recovered based on morphological and molecular data in the
present study as well as in previous studies (Sidlauskas & Vari, 2008; Ramirez, Birindelli &
Galetti, 2016a; Ramirez, Carvalho-Costa, Venere, Carvalho, Troy & Galetti (2016b). Several
morphological characters support this relationship, including: 1) retroarticular ventrally situated in
lower jaw and forming part of ventral margin of lower jaw, line drawn along ventral margin of
retroarticular barely, if at all, intersects ventral portion of dentary (Character 65, State 1); 2)
posterodorsal margin of opercle showing continuously convex or straight and completely lacking
concavity (Character 90, State 1); 3) first basibranchial cartilaginous (Character 92, State 0); 4)
Weberian apparatus lacking a dorsal supraneural (Character106, State 0); 5) presence of complete

dark stripe along lateral-line scale row (Character 120, State 1).
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Four characters were coded distinctly for Anostomoides atrianalis in the present study, in
comparison to Sidlauskas & Vari (2008). Character 13 was coded as 0 instead of as 1 because in
the examined specimens anteroventral portion of sixth infraorbital expanded and overlapping
anteroventral process of sphenotic, with anterior margin of sixth infraorbital reaching or
surpassing anterior border of ventral process of sphenotic that forms posterodorsal portion of the
bony orbit. . Character 38 was coded as polymorphic by Sidlauskas & Vari (2008), but was coded
as 0 in the present study, as all examined specimens showed dentary teeth with large, well-
developed posterior lamina.. Character 44 was coded as missing data by Sidlauskas & Vari
(2008), however, we coded it as “posterior lobes of dentary teeth absent, or if posterior lobes
present, no distinct cusp present on posterior lobes of toot”. In the character 118, Sidlauskas &
Vari (2008) did not observed lateral-line spots (State 0), however, we observed “series of one or
more dark spots with distinct margins present along lateral-line scale row, each spot
approximately one to two scales in height” (State 1). The distinct interpretations are possibly due
to the small number and small size of specimens used by Sidlauskas & Vari (2008). Nevertheless,
these differences did not alter the results nor the strong support for considering Anostomoides

atrianalis as closely related to Laemolyta, Rhytidous, and Schizodon.

Comparative material

Morphological analysis

For a complete list of specimens of Anostomoides atrianalis and “Anostomoides™ nattereri see
Assega & Birindelli (in press). Abramites hypselonotus: MZUSP 48123, 1 C&S, 63.5 mm SL,
Amazonas, Coari, Rio Solimdes, Ilha Sorubim (03°55°00” S, 63°20°00” W), Expedi¢ao
Permanente a Amazonia, 29 September 1968. Anostomoides atrianalis ANSP 159599, 1 C&S,
159.6 mm SL, Bolivar, Cano (possibly Cano Curimo) feeding rio Caura near confluence with rio

Caura and rio Orinoco (07°37°48” N, 64°50°42” W), B. Chernoff, W. Saul & R. Royero, 22
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November 1985. Anostomus anostomus: MZUSP 85153, 2 C&S, 89.5 to 90.4 mm SL, Amazonas,
Rio Tiquié, abaixo da cachoeira do Caruru (00°16°28,9” N, 69°54°53,4” W), F.C.T. Lima, 30 June
2004. Caenotropus labyrinthicus: MZUSP 29351, 1 C&S, 68.9 mm SL, Roraima, Ilha Cantagalo,
Rio Branco (01°30°00” N, 61°16°00” W), M. Goulding, 28 October 1979. Laemolyta fernandezi:
MZUSP 91837, 1 C&S, 94.0 mm SL, Mato Grosso, Paranatinga, Coérrego na Fazenda Licio,
tributary of Rio Culuene (13°50°22” S, 53°14°59” W), J.L.O. Birindelli, L.M. Sousa river & A.
Akama, 21 August 2008. Laemolyta proximai: MZUSP 22105, 1 C&S, 109.0 mm SL, Para, Sao
Luis, Rio Tapajos, Ilha da Barreirinha (04°27°00” S, 56°15°00” W), Expedicdo Permanente a
Amazonia, 21 November 1970. Leporellus vittatus: MZUSP 106332, 1 Sk, 155.0 mm SL, Sao
Paulo, Descalvado, Ribeirdo do Pantano, at the confluence of the Rio Mogi Guagu (21°56°00” S,
47°34°00” W), P.H. Carvalho, 20 June 2009. Leporinus obtusidesn: MZUEL 16470, 1(Sk), 260.0
mm SL, Minas Gerais, Buritizeiro, Rio Sao Francisco, J.L.O. Birindelli, F.C. Jerep, E. Santana &
R.H.C. Nascimento, 07 July 2016. Prochilodus nigricans: MZUSP 95799, 1 C&S, 112.5 mm SL,
Mato Grosso, Itatiba, stream the edge of the dirt road, a tributary of rio Tele Pires (11°42.0° S,
55°35°21” W), J.L.O. Birindelli & P.H. Carvalho, 30 September 2007. Prochilodus vimboides:
MZUEL 17834, 1 Sk, 189.1 mm SL, Minas Gerais, Aguas Vermelhas, Estacao de Piscicultura
UHE Machado Mineiro (15°31°16.3” S, 41°30°14.8” W), J.L.O. Birindelli, F.C. Jerep, E. Santana
& R.H.C. Nascimento, 03 July 2016. Petulanos intermedius: MZUSP 97330, 1 C&S, 59.6 mm
SL, Par4, Novo Progresso, Rio Jamanxim river, near the Village Mil (07°43°51” S, 55°16°36” W),
J.L.O. Birindelli, L. Sousa. A.N. Ferreira, M. Sabaj & N. Lujan, 23 October 2007. Pseudanos
irinae: MZUSP 101646, 1 C&S, 92.9 mm SL, Amapa, Laranjal do Jari, left bank of the Rio Jari,
upstream of Santo Antonio waterfall and upstream of the Rio Iratapuru (00°34°16” S, 52°34°44”
W), J.L.O. Birindelli & P.H. Carvalho, 13 September 2008. Pseudanos trimaculatus: MZUSP
103509, 1 C&S, 105.7 mm SL, Amapd, Laranjal do Jari, Igapd on the left bank of the Rio Jari,

upstream of Santo Antonio waterfall and upstream of the Rio Iratapuru (00°35°05” S, 52°36°59”
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W), J.L.O. Birindelli, L. Sousa & M. Soares, 22 February 2009. Rhytiodus microlepis: INPA
16180, 1 C&S, 99.7 mm SL, Amazonas, Rio Solimdes, ilha da Marchantaria, J. Cidoca, 01
October 1979. Sartor respectus: MZUSP 94867, 1 C&S, 80.9 mm SL, Mato Grosso, Paranatinga,
Rio Culuene, drained stretch for the construction of the Paranatinga 2 (13°49°00” S, 53°15°00”

W), L. Sousa. A.N. Ferreira, C.A. Machado & F. Machado, 02 July 2007.
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APPENDIX 1. List of synapomorphies for each clade and terminal taxon.

Abramites hypselonotus:
Char. 15: 1 —>0
Char.39:0 — 1
Char.40:0 — 1

Anostomoides atrianalis:
Char. 13: 1 —> 0
Char. 26:0 — 1
Char.32:3 — 2
Char. 100: 1 — 0

New genus:

Char.11: 0 —» 1
Char.20: 0 — 1
Char.35:0 — 1
Char.39:0 — 1
Char.41: 1 —0
Char.43:1 -2
Char. 66: 0 — 1
Char. 69: 0 — 1
Char. 94: 2 — 1

Anostomus anostomus:
Char.13: 1 —0

Anostomus ternetzi:
Char. 100: 1 —- 0

Leporinus scalabrinii:
No autapomorphies

Gnathodolus bidens:
Char.3: 0 — 1
Char. 10: 1 — 0
Char. 20: 0 — 1
Char.23:1 -0
Char.32:3 — 2
Char. 39: 0 — 1

821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852

Char.41: 1 -2
Char. 57: 0 — 1
Char. 70: 0 — 1
Char. 73: 1 —> 0
Char. 77: 2 - 0
Hypomasticus despaxi:
Char. 12: 0 — 1
Char.32: 1 -2
Char. 36:4 — 3
Char. 37: 0 — 2
Char. 118: 1 — 0
Char. 120: 0 — 1
Char. 121: 0 — 1
Hypomasticus megalepis:
Char. 19:1 —> 0
Char. 119: 0 — 1

Hypomasticus mormyrops:

Char. 12: 0 — 1
Hypomasticus
pachycheilus:
Char.5:1 —>2
Char. 8:2 — 1
Char. 119: 0 — 1
Laemolyta garmani:
No autapomorphies
Laemolyta orinocensis:
No autapomorphies
Laemolyta proxima:
Char. 18: 1 — 0
Char. 105:1 —> 0
Laemolyta taeniata:

No autapomorphies

853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884

Leporellus pictus:
No autapomorphies
Leporellus vittatus:
Char.33:1 —3
Leporinus agassizi:
Char.27: 1 —>0
Char.32:3 -2
Char.33:3 -2
Char. 118:1 -0
Leporinus aripuanensis:
Char.9: 0 — 1
Char.32:3 — 1
Char. 33:3 —> 2
Leporinus cf.
ecuadorensis:
Char.5:1 —2
Char. 32:3 — 2
Char.33:3 -2
Char. 63: 0 — 1
Leporinus cf. fasciatus:
No autapomorphies
Leporinus cf. moralesi:
Char.27:1 -0
Char.31:4 — 3
Char. 40: 0 — 1
Char.42:1 — 2
Char. 105:1 —> 0
Leporinus cf. niceforoi:
Char. 72: 1 — 0
Char.92: 1 —0
Leporinus fasciatus:

No autapomorphies
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898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917

918

Leporinus friderici:
No autapomorphies
Leporinus gomesi:
Char. 119: 0 — 1
Char. 122: 0 — 2
Leporinus jatuncochi:
Char. 15:1 -0
Char. 35:0 — 2
Char. 36: 4 — 3
Char.37:0 — 1
Leporinus ortomaculatus:
Char.9:0 — 1
Char. 119: 0 — 1
Leporinus pellegrini:
Char.9:0 — 1
Char. 105:1 -0
Leporinus striatus:
Char. 105:1 — 0
Char. 120: 0 — 1
Char. 121: 0 — 1
Leporinus tigrinus:
Char.8:2 —3
Char.9: 0 — 1
Char. 105:1 -0
Petulanos intermedius:
No autapomorphies
Petulanos plicatus:
Char.97: 0 — 1
Pseudanos gracilis:
Char.5:2 — 1
Pseudanos irinae:
No autapomorphies
Pseudanos trimaculatus:

No autapomorphies

919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951

952

Pseudanos winterbottomi:

No autapomorphies

Rhytiodus argenteofuscus:

Char. 8:2 — 1
Rhytiodus lauzannei:
No autapomorphies
Rhytiodus microlepis:
No autapomorphies
Sartor elongatus:
Char. 82: 0 — 1
Char.99:1 — 0
Char. 106: 1 - 0
Schizodon fasciatus:
No autapomorphies
Schizodon isognathus:
Char.3: 0 — 1
Char. 7: 0 — 1
Char.27: 1 —0
Schizodon knerii:
Char.3: 0 — 1
Char. 7: 0 — 1
Char.27: 1 —0
Char. 59: 0 — 1
Schizodon nasutus:
Char.5:1 -2
Char. 8:2 — 1
Char. 15: 1 —0
Char.46: 1 — 0
Char. 56: 0 — 1
Char.92: 0 — 1

Schizodon scotorhabdotus:

Char. 95:3 —> 2
Char. 112: 1 — 0
Schizodon vittatus:

953
954
955
956
957
958
959
960

961

962

963

964

965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984

Char. 80: 1 — 0
Synaptolaemus cingulatus:

Char.24:0 — 1

Char.42:1 —3

Char.92: 1 —> 0

Char. 116: 0 — 1
Brycon falcatus:

Char.5: 1 —2

Char.8:1 -0

Char. 32: 5 — 3
Char.33:5—3
Char. 37:4 — 5

Char. 87: 0 — 1
Caenotropus maculosus:
Char. 36:4 — 12
Char. 112: 1 -0
Caenotropus
mestomorgmatos:
No autapomorphies
Chilodus punctatus:
Char. 86: 0 — 1
Char. 112:1 -2
Citharinus sp.:
Char. 13: 0 — 1
Char.92: 1 —0
Char.94:2 — 0
Char. 96: 2 — 0
Char. 129: 0 — 1
Char. 135: 0 — 1
Char. 139: 0 — 1
Char. 151: 0 — 1

Curimata inornata:
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985 No autapomorphies 1019 Prochilodus 1053 Node 67:

986 Curimatopsis microlepis: 1020 rubrotaeniatus: 1054 Char. 1: 0 — 1
987 Char.8:1—0 1021 Char.5:1 -2 1055 Char. 13: 0 —> 1
988 Char. 12: 0 —> 1 1022 Char. 12: 0 — 2 1056 Char.33: 1 -2
989 Char. 87: 0 — 1 1023 Char. 105: 0 — 1 1057 Char. 67: 0 — 1
990 Char.94: 0 — 1 1024 Semaprochilodus insignis: 1058 Char. 68: 0 — 1
991 Char. 96: 0 — 1 1025 Char.2: 0 — 1 1059 Node 68:

992 Distichodus sp.: 1026 Char. 8:1 — 3 1060 Char. 18: 0 — 1
993 No autapomorphies 1027 Char. 123: 0 — 1 1061 Char.49: 0 — 1
994 Hemiodus ocellatus: 1028 Xenocharax spilurus: 1062 Char.52: 1 -0
995 Char.22:1 -2 1029 Char.76: 1 — 0 1063 Char. 76: 0 — 1
996 Char.36:7—0 1030 Char.90: 1 — 0 1064 Char. 87: 0 — 1
997 Char. 125: 0 — 1 1031 Node 63: 1065 Char. 96:2 — 1
998 Char. 131: 0 — 1 1032 Char. 28: 0 — 1 1066 Char. 118: 0 — 1
999 Char. 153: 0 — 1 1033 Node 64: 1067 Node 69:

1000 Parodon suborbitalis: 1034 Char.5:1 —2 1068 Char.22:1 —0
1001 Char. 12: 0 — 1 1035 Char. 8:2 — 1 1069 Char. 31: 5 — 4
1002 Char.22:1 —>2 1036 Char. 25: 0 — 1 1070 Char.37:4 — 0
1003 Char.28:0 — 1 1037 Char. 31: 4 -3 1071 Char. 38: 1 — 0
1004 Char.31: 5 — 4 1038 Char. 32:3 —> 2 1072 Char. 45: 0 — 1
1005 Char. 36: 7 — 3 1039 Char.33:3 -2 1073 Char. 50: 1 - 0
1006 Char.37:4 — 6 1040 Char.34:1 -0 1074 Char.51: 1 —0
1007 Char.45:0 — 1 1041 Char. 106: 1 —- 0 1075 Char. 62: 0 — 1
1008 Char.49: 0 — 1 1042 Char. 118: 1 — 0 1076 Char. 65: 1 — 0
1009 Char.90: 1 — 0 1043 Node 65: 1077 Char. 73: 0 — 1
1010 Char.91: 0 — 1 1044 Char. 27: 0 — 1 1078 Char. 83: 0 — 1
1011 Char.92:1 -0 1045 Char.32: 1 —3 1079 Char. 84:0 — 1
1012 Char. 125: 0 — 1 1046 Char.33:2 —3 1080 Char. 85:2 — 0
1013 Char. 130: 0 — 1 1047 Char.94:2 — 1 1081 Char.90: 1 — 0
1014 Potamorhina laticeps: 1048 Node 66: 1082 Char.91: 0 — 1
1015 Char.2: 0 — 1 1049 Char.2: 0 — 1 1083 Char. 106: 0 — 1
1016 Char. 12: 0 — 2 1050 Char. 15: 0 — 1 1084 Char. 107: 0 — 1
1017 Char. 112: 1 — 2 1051 Char. 19:1 — 0 1085 Char. 134: 0 — 1

1018 Char. 115: 0 —> 1 1052 Char. 34: 0 — 1 1086 Node 70:



1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119

1120

Char.23: 0 — 1
Char. 36: 7 — 4
Char. 46: 0 — 1
Char.71: 2 -0
Char. 136: 0 — 1
Char. 137: 0 — 1
Char. 139: 0 — 1
Char. 142: 0 — 1
Char. 144: 0 — 1
Char. 148: 0 — 1
Char. 150: 0 — 1
Char. 152: 0 — 1
Char. 157: 0 — 1

Node 71:

Char. 32: 5 — 1
Char. 33: 5 — 1
Char. 52: 0 — 1
Char. 129: 0 — 1
Char. 149: 0 — 1
Char. 151: 0 — 1

Node 72:

Char.2:1 -0
Char. 106:1 — 0

Node 73:

Char. 76: 1 — 0

Char. 111: 1 -0
Char. 115:1 -0
Char. 158:1 -0

Node 74:

Char.32:2 — 5
Char. 33:2 — 5
Char. 52: 1 — 0
Char. 108:2 — 0
Char. 130: 1 -0

1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153

1154

Char. 155:1 -0
Char. 156: 1 —> 0

Node 75:
Char.2: 0 —> 1
Char.87:1 -0

Char. 140: 1 — 0
Node 76:

No synapomorphies

Node 77:
Char. 65: 0 — 1
Char. 90: 0 — 1
Char.92: 1 -0
Char. 106: 1 — 0
Char. 120: 0 — 1
Node 78:
Char. 80: 0 — 1
Char. 117: 0 — 1
Node 79:
Char. 28: 0 — 1
Char. 121: 0 — 1
Node 80:
Char.2:1 -0
Char. 19: 0 — 1
Char. 22: 0 — 2
Char. 71: 0 — 1
Char.89: 1 — 0
Char.90: 1 — 0
Char. 92: 0 — 1

Node 81:

Char. 4: 0 — 1

Char. 12: 0 —> 1
Char. 14: 0 — 1
Char. 17: 1 -0
Char. 21: 0 —> 1

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1167

1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181

1182

Char

Char.

Char.

Char.

Char.

Char.

Char.

Char.

.27:1 -0

50:0—1

67:1—0

72:1 -2

81: 0 — 1

85:0—>1

105:1—0

106: 0 — 1

Node 82:

Char.

Char.

Char.

Char.

8:2—1

38:0 — 1

46: 1 -2

117: 1 -0

Node 83:

Char.
Char.
Char.

41:1 -2
42:1 -2
58:0—1

Node 84:

Char.
Char.
Char.
Char.

35:0 -1
37:. 0 — 1
54: 0 — 1
61:1 -0

Node 85:

Char.
Char.
Char.
Char.

Char.

14:1 -0
43:3 > 1
51: 0 =1
66: 0 — 1

86:0—1
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1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215

1216

Node 86:

Char. 41:
Char. 42:
Char. 52:
Char. 78:
Char. 99:
Char. 120: 1 — 0

Node 87:

2—1
2—-1
0—1
0—-1
0—1

Char. 9: 0 — 1

Char. 31:

Node 88:

4—-3

Char. 16: 0 — 1
Char. 22: 0 — 1
Char.46: 1 — 0
Char. 55: 0 — 1
Char. 56: 0 — 1

Node 89:

Char. 40: 0 —» 1
Char.47: 0 — 1
Char.96:1 — 2

Node 90:

Char.11: 0 —> 1

Char.41:2 -0

Char.42:2 -0

Char. 92: 0 — 1
Node 91:

Char. 117: 0 — 1
Node 92:

Char. 32:3 — 4

Char. 33:3 — 4
Node 93:

Char. 17: 1 -0

Char. 26: 0 — 1

Char.32:1 —>2

1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243

1244
1245
1246
1247
1248
1249
1250
1251

Char. 64: 0 — 1
Char. 93: 0 — 1
Char.98: 0 — 1
Char. 114: 0 — 1
Char. 123: 0 — 1

Node 94:

Char. 111: 0 — 1
Char. 116: 0 — 1
Char. 118: 1 —= 0

Node 95:

Char. 31:4 — 3

Node 96:

Char
Char
Char
Char

.5:2—-1
81 —-2
.32:3 52
.88:0—1

Node 97:

Char
Char

Char.

.100: 1 =0
.118:0— 1
120:1 -0

Node 98:

Char.
Char.
Char.
Char.
Char.
Char.

6:0—1

11:0>1
29:0—1
101: 0 — 1
102: 0 — 1
104: 0 — 1

Node 99:

Char.
Char.
Char.
Char.
Char.
Char.
Char.

7:1 -0

30:0 > 1
40: 0 -1
44: 0 — 1
63:0—1
94:1 -2
113:0 -1

1252 Node 100:

1253
1254
1255

1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270

1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284

1285

Char. 103: 0 — 1
Char. 115: 0 — 1
Char. 120: 1 — 0

Node 101:

Char. 69: 0 — 1
Char. 120: 1 — 0

Node 102:

Char. 33:3 — 4
Char.41:2 — 3
Char.42:2 — 3
Char. 55: 0 — 1
Char. 109: 0 — 1

Node 103:

Char. 17: 1 —> 2
Char. 41:3 — 2
Char. 42:3 — 2
Char. 59: 0 — 1
Char. 72: 1 — 0

Char. 117:1 -0

Node 104:

Char. 16: 0 — 1
Char. 101: 0 — 1
Char. 102: 0 —> 1

Node 105:

Char. 11: 0 —» 1
Char. 77: 0 — 1
Char.94:2 — 1
Char. 128: 0 — 1
Char. 131: 0 — 1

Node 106:

Char.5:1—>0
Char.31: 5—0
Char. 36: 7 — 0
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1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303

1304

1305
1306
1307
1308
1309
1310
1311
1312
1313
1314

Char.
Char.
Char.
Char.

76:0 — 1
92:1 -0
125:0 > 1
131: 0 — 1

Node 107:

Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.

94:2 -0
96:2 -0
126: 0 — 1
127: 0 — 1
135:0 -1
138: 0 — 1
140: 0 — 1
141: 0 — 1
143: 0 — 1
145: 0 — 1
146: 0 — 1
147:0—1
153: 0 —1
154: 0 — 1

Node 108:

Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.
Char.

22:1 -2
51:1 =0
62:0—1
65:1 -0
83:0—1
84:0— 1
85:2 -0
128: 0 — 1
134: 0 — 1
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